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PROCESSES FOR ISOLATING, AMPLIFYING AND CHARACTERIZING DNA 

Backgroun d of The Invrntjon 

Nucleic acids such as DNA. axe used extensively in th^ field of molecular 
biology for research and clinical analyses. Common methods for analyzing DNA are 
Southern blotting, amplification through methods such as polymerase chain reacticra (PGR), 
and sequencing. Using these methods, differences in DNA sequence are determined to aid in 
gene identification, population screening, pathogen identification and diagnostic testing. All 
of these analyses require purified DNA samples as the basis for consistent and valid results. 

There are numerous nucleic acid purification methods that fall into two 
general categories, liquid phase and solid phase purification. In liquid phase purification, the 
DNA remains in the liquid phase while inq>urities are removed by precipitation and/or 
ccntrifugation. In solid phase purification, the DNA is bound to a solid support Mrtiile 
inqnirities are selectively eluted. Both purification strategies utilize conventional methods, 
which require many steps and often hazardous reagents, as well as more rapid methods, 
which require fewer steps and usually less hazardous reagents. 

Using conventional liquid phase methods, DNA is most commonly isolated 
using density gradirat cratriiiigation, organic solvent atracticm, or salt precipitation. 
Protocols describing these purification methods are given in Sambrook et oL , Molecnlflr 
aoning; A Laboratorv Manual. 2nd ed., 7.19-7.25, 9.16-9.19, Cold Spring Harbor Press, 
Cold Spring Hart)or, NY (1989) and Ausubel, et aL, Cunrnt Protocols in Molecular Biolopy 
4.4.2^.4.4 (1987). Briefly stated, the liquid phase purification mettiods of density gradient 
centcifugation, phenol-chloroform extraction, and salt precipitation genmUy require four 
mamstqjs: lysing the ceUs to release the DNA fix>m cellular and nuclear membranes; 
removing in^urities (such as proteins, lipids and carbohydrates); concentrating by alcohol 
precipitation; and then rehydrating the DNA in a hydration solution. The major differences 
among these three methods occur during the second step, where inq)urities are removed fiom 
the DNA by density differentiation, organic-aqueous phase partitioning, or selective salt 
precipitation. 
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A conventional Uquid phase purification method for purifying blood dried on 
specimen collection caids (Guflirie cards) is described by McCabc et aL. Human Genetic. 
25, 213-216 (1987). The metiiod follows closely a procedure for liquid blood described in 
Sambrook et aL, Molecular aonine: A Lahnratnry M«n„oi -y^A ^ 9.16-9.19, Cold Spring 
Harbor Press. Cold Spring Harbor, NY (1989). In fliis phenol extraction method, dried white 
cells are removed from the collection paper by rehydrating with a saline solution. The white 
cells are incubated in a buffo to lyse the cells. Then, tiiree phenol extractions are performed 
to remove protein impurities followed by three ether extractions to remove tiie phenol. The 
DNA is concentrated by sodium acetate-ethanol precipitation, washed witii 70% etiianol and 
tiien rehydrated in a standard DNA hydration solution. Several reagents (ten), two of which 
are hazardous (phenol and ether), are typically required for this method. Altiiough tiiese 
conventional metiiods typicaUy yield highly purified DNA prepai^ons, tiiey are laborious 
and hazardous. 

As witii liquid phase purification, conventional soUd phase metiiods have been 
developed to generate highly purified DNA. Generally tiiese metiiods require four general 

steps: lysingceUstoreleaseDNAfiomceUularandnuclearmembranes;buidingtfiereleased 
DNA to a solid support; washing away impurities; and then eluting die purified DNA, The 
first two steps. lysingtiie cells and binding tiie released DNA. usually require hazardous 
reagents at high concentration. 

For soUd phase DNA purification, many soUd siqtports have been used 
including membrane filters, magnetic beads, metal oxides, and latex particles. Probably the 
most widely used solid supports are silica-based particles (see. e.g., U.S. PaL No. 5.234.809 
(Boom ai); Ihtemational Publication No. WO 95/01359 (Colpan etaL); U.S. Pitt. No. 
5.405.951 (Woodard); International Publication No. WO 95A)2049 (Jones); WO 92^^7863 
(Qiagen GmbH). For example, tiie method disclosed in U.S. Pat No. 5,234,809 (Boom et 
fll) uses a high concentration chaotiopic solution to bind DNA to silica particles and requires 
six centrifiigation steps and five reagents to purify DNA ftom whole blood. Disadvantages of 
this meOiod are die use of a particulate suspension, tiie use of many centrifiigation steps, and 
tije use of hazardous reagents, such as guanidinium isotiiiocyanate and acetone. 
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One means for sin^lifying the conventional solid phase {nirification 
procedures is to eliminate the elution step and use the DNA whUe it is bound to a solid 
support for subsequent analyses, such as amplification. Thus, by using immobilized DNA, 
usually at least one reagent and one step is omitted. For example, U.S. PaL No. 5,234,809 
(Boom et al) describes such a method for purifying DNA. although it is not present in a 
complex mixture such as blood. Using the method described above, but omitting the elution 
stq), reduces the number of reagents and stq)s by one. 

In anodier example, U.S. Pat No. 5,496,562 (Buigoyne) describes a method of 
purifying ceUulose filter paper containing dried blood that uses four reagents during four 
phenol washes and five isopropanol washes. After drying, a smaU piece of the filter paper is 
cut fiom tiie square and used directiy as a substrate for PGR ampKfication. Despite die use of 
bound DNA for analysis, these methods still require many stq)s and hazardous reagents. 

Recentiy, tiiere has been a trend toward developing more rapid and simple 
metiiods for both liquid and solid phase purification. This has been driven in part by the 
development of DNA amplification assays which reduce die time necessaiy for analysis. As 
tiie number of DNA-based assays has increased in the field, tiiere is a need for more rapid 
means of processing die biological samples. Also, using simpler metiiods reduces tfie risk of 
sample cross-contamination by reducing tiie number of sample handling steps. In addition, 
tiie sinqiler tiie metiwd, tiie more leadUy die process may be automated. 

One rapid liquid phase metiiod for DNA purification uses a chelatingtesin to 
remove metal impurities fiom liquid blood or blood stains (Walsh et aL, BioTechnig uM lo. 
506-513 (1991)). Using tfiis metiiod. blood cells are first washed wifli deionized water and 
tiien incubated witii a suspension of tiie chelating tcsin and deionized water at 56»C for 15-30 
minutes. This incubation is foUowed by vortexing, incubatiiig at 100»C for 8 minutes, 
vortexing again, and removing tiie impurities by centrifiigation. This metiiod is rapid 
(convicted in 45-75 minutes) and simple (requires only two reagents). 

AnoflKr simple and rapid metiiod for liquid phase DNA purification is 
described by Noidvag et aL. BioTechniques, 12, 490^92 (1992). Starting witii whole human 
blood, tiie blood cells are washed twice witii a solution of 10 mM EDTA and 10 mM NaQ 
and collected by miciocentrifugation after each wash. Then tiie cells are resuspended in 50 
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mM Tris(hydroxymeth3d)ainiiioinethamehydioc acid (Tiis-Ha) buffer (pH 8.0) and 
boaedfor3inmutespriortoPCRaiiiplificatioii. For this purification method, only two 
reagents aieiequiied. both of which are generaUynoiihazai^ Furthennoie. the method 
requires (mly q>proximately IS minutes. 

An even simpler single reagent method is described by Carducci et aL, 
mT^m3M.n.735.73Ul992)- Using this pioceduie. a 3 mm diameter blood s^t is 
autoclaved for 3 minutes and then boiled for 5 minutes or sonicated for 1 0 minutes in a PCR- 
compatible buffer (10 mM Tris-HCl pH 8.3, 50 mM KCl, 3 mM MgCl, and 0.001 gelatin). 
The impurities remain bound to the disk foUowing autoclaving whUe the DNA is recovered in 
tiie buffer. 

All diree of these liquid phase methods for DNA purification use low 
concentrations, nonhazardous reagents, and simplified methods. However, these three 
methods (Walsh et aL , Nordvag « al, and Carducci, et aL) could be simplified further by 
eliminating the use of resins (which must be uniformly suspended prior to use), eliminating 
the repetitive washing of ceUs, or eluninating the cumbersome autoclaving of blood spots. 

Rapid and simple methods for solid phase DNA purification have also been 
developed. The procedure ofBerlineroi.HumaaMltotisa. 1,260-261 (1992) describes 
washing dried blood spots successively with a nonionic detergent-containing buffer. To elute 

the DNA from the filter paper, each sample is incubated at 65«C for one hour with another 

nonionic detergent-containingbuffercontainingapioteinaseKsolution. A final incubation 

atgreaterthan95'CforlOminutesisnecessaiytoiaactivatetheproteinaseK. Thismethod 

reduces the number of reagents required to three, but has the disadvantages of using an 
enzyme, a long incubation time, and a high incubation temperature (/.«.. greater than 95 'Q. 

A rapid method using a membrane filter as a means of trapping DNA is 
disclosed in U.S. Pat. No. 5.234.824 (Mullis). Typically, this method requires a high 
concentration lysmg reagent to lyse cells present in whole blood. Then, the lysate is appUed 
to a filter and washed successively with a second lysing reagent and then either buffer or 
watertofiirtherpurifytheDNA. TTie DNA is eluted fiom the membrane by boiling for 15 
minutes in water or in a buffered reagent containing magnesium chloride. Disadvantages of 
this solid phase purification method include the absence of a chelating agent in the 
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puriHcation and elution leagents. which can increase the probabiUty of DNA damage (e.^„ 
due to nucleases), hi addition, there is a requirement for a cumbeisome high temperature 
incubation (Le„ about lOO'C). 

In another example. W,0. Pat No, 96/18731 (Deggeidal) describes a method 
of purifying DNA fiom cells by mixing the cells with a deteigent and a solid phase made up 
of magnetic beads. In this method, cells may be pre-lysed by the detagent to release the 
DNA which is subsequently bound to the solid phase. Alternatively, detergent may be added 
to a suspension made up of the cells and the solid phase, or the cells, detergent, and solid 
phase may be suspended together to allow the detergent to lyse the ceUs in the Hquid phase 
andsubsequentlybind the DNAtothesolid phase. However, this method involves multiple 
steps of adding or removing the Uquid phase (Le., deteigent or the ceU debris-detergent 
suspensi(Hi) from the solid phase. 

A very simple method is presented by Makowski et at. Nucleic Aciris 
Essearch. 23. 3788-3789 (1995) in which 3 mm diameter disks punched ftom blood samples 

dried on ceHulose coUection paper are washed with deionized water (two 30 mmute washes) 
and used direcUy for PGR amplification. As discussed in the above analysis of the '824 
Patent, a major disadvantage of using deionized water as a purification reagent is that the 
absence of a chelating agent increases the probability of DNA damage (e.g., due to 

nucleases). In addition, the absence of a deteigent reduces the efficiency with whi<A 
impurities are solubilized. 

NudeicAcidsmaybcdeiBctedandquantitatedbyseveralmeans. Commonly. 
UVabsoibanceatawavelengthof260nmisused. Awavelengtiiof320nmi8usedto 
detennine background absorbance. Also, fluorimetiy in the presence of Hoechst 33258 dye 
(e.g., Hoefer. DyNA Quant Fluorimeter. Phaimacia Biotech. Piscataway. NJ). antibody 
detection strips (DNA Dipstick, favitrogen. Carlsbad. CA). branched signal amplification 
(Chiron Coiporation. EmeryviUe. CA). and quantitative PGR amplification (e.g., AppUcd 
Biosystems 7700. Peridn Ehner Applied Biosystems Division. Foster Cily. CA) are used to 
detect and quantitate nucleic adds. 

As generaUy known and practiced, the purity of the DNA may be ascertained 
bymeasuringtheabsoibanceatvariouswavelengths. The presence of impurities such as 
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proteins, Upids, cjubohydrales, ceDular debris, etc. can increase the measured absoibance. In 
contrast, pure nucleic adds, especially DNA used in PCR amplification, have a substantiaUy 
lowo- absoibance at established wavelengths. 

Cunoitly, there are numerous nucleic add amplification systems available. 
While the most commonly used amplification methods arc Polymerase Chain Reaction 
(PCR). other taiget amplification technologies include Ugase Chain Reaction (LCR), Nucleic 
Acid Sequence Based Amplification (NASBA). Self-sustained Sequence RepUcation (SSR or 
3SR), Strand Displacement Amplification (SDA), and Transcription Mediated Amplification 
(TMA). 

PCR is used routinely to amplify one or more targeted nucleic acid sequences 
within a sample or mixture of nucleic acids. This process is disclosed in U.S. Pat No. 
4,965,188 (Mullis). For each target nucleic acid sequence to be amplified in this process, 
separate complementary strands of nucleic acid are treated with two primers selected to be 
substantially conq)lementary to portions of the target nucleic add within the two strands. A 
thermostable enzyme (a polymerase) is generaUy used to extend the primers to form 
coniplementary primer extension products. Whmdiese are sq>aiated into tfieir 
complementary strands, they serve as templates to extend the complementaiy primer into the 
target nucleic add sequence. When separated, these in turn act as templates for synthesis of 
additional nuddc add sequences. The PCR amplification process involves a series of simple 
steps. These include temperature cycling to cause hybridization of primers and tempUites. 
polymerase mediated synthesis of the primer extension products, and separation and 

subsequent annealing of the strands of template strands and the synthesized target nucld^ 
acid sequences. Thus, there is an exponential increase in the amount of targeted nucleic add 
sequences synthesized. PCR amplification is a very sensitive process. Therefore, a very high 
pmty of starting sample is necessary. 

LCR is another diagnostic technique that is often utilized in conjunction with a 
primary PCR amplification. LCR employs a thermostable ligase and aUows the 
discrimination of DNA sequences differing in only a single base pair. LCR depends on 
highly pure NA tenqilates due to its sensitivity. 
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Purified nucleic acids can be further analyzed by Southern hybridization, or 
Southern blotting as it is more commonly known. Southern blotting is the capillaiy transfer 
of DNA fiagments fiom gek to various types of filter paper. It allows the researcher to detect 
rare sequences in a complex population of restriction ftagments and i? useful in gene cloning, 
reverse genetics, and the analysis of lestriction-fragment-length-polymorphisms (RFU>*s) for 
human genetic disease diagnosis. Southern blotting involves the digestion of DNA with one 
or more restriction enzymes, followed by a size separation by electrophoresis on an agarose 
gel. The DNA is then denatured in situ and transferred from the gel to a membrane ie.g., 
nitrocellulose or nylon). The DNA attached to die membrane is then hybridized to 
radiolabeUed DNA or RNA, and autoradiography is used to locate the positions of bands 
complementary to the probe. Southern blotting is highly sensitive. A sequence of 1000 base 
pairs (bp) that occurs only once in die mammalian genome (i.e., 1 part in 3 million) can be 
detected in an overnight exposure if 10 fig of genomic DNA is transferred to tiie filter and 
hybridized to a probe several hundred nucleotides in lengdL 

To advance die field of DNA sample preparation diere is a need for soUd 
phase DNA purification strategies. There is also a need for reagents and mediods that are 
adaptable to sofid phase purification strategies are not only simple and rapid but genend in 
scope to maxinuzea4q)tability for automation. There is a need for reagents tfiat are of 
genendly low concentration, stable at room temperature (ie., 20-25»Q, less hazardous (Le., 
less corrosive, flammable or toxic), nonparticulate to elimmate die need for mixing, and 
protective of DNA quaUty. There is also aneed for mediods witii few steps that can be 
performed using a variety of biological starting materials, whetiier hydrated or dried, 
especially as applied to routine testing as found in clinical hiboratories. The reagents must 
not inhibit subsequent DNA analysis procedures by interfering widi die buffering capacity of 
PGR bufiBeis. or cause degradation of polymerase, primers or oUgonucleotides used in DNA 

amplification. There is also a need for mediods widi few steps dim can be performed 
variety of biological starting materials, whedier hydrated or dried. especiaUy as appUed to 
routine testing as found in clinical laboratories. 

The reagents and mediods used in die soUd phase purification strategy must 
also not interfere widi standard mediods for nucleic add quantification, restriction enzyme 
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digestion. DNA sequencing, hybridization technologies, such as Southern Blotting. . and 
amplification mefl»ds such as Polymerase Chain Reaction (PGR), include Ugase Chain 
Reaction (LCR). N«:leic Add Sequence Based Amplification (NASBA). Self-sustained 

Sequence Rq,Ucation(SSRor3SR).StrandDiq,lacementAmpUfication(SDA) and 
Transcription Mediated Amplification (TMA). or other DNA analysis. 

Snnnnary «f ^,6 Invt^nHnn 
■me present invention provides reagents, methods, and kits that incorporate a 
sohd support for purifying, amplifying, and characterizing DNA fiomUquid and dried 
biological samples. The purified DNA is suitable for use in subseq««t widely used 
techniques such as amplification and restriction enzyme digestion. 

The reagents of tfie presem invention generally contain low concentrations of 
buffers, salts, acids, bases, chelating agents, and/or detergents so tiwt tf«y arc not 
significanUyinhibitorytosubsequentDNAamdyses. In conventional systems, reagents 
containing high concentrations of one or more of Uu.se components are typicaUy used for 
DNApurification. By using ti««e low concentration reagents. ti«„mnber of stq,s required 
forDNApurificationisreducedmaldngtiiemetirodmorerapidandsimple. TTrese reagents 
arealsogeneraUylesshazardousthanflK^eusedforconventionalDNApurification. Tbc 
sohd phase purification methods described typicaltyrequire only two main steps(.g 
washing and drying). ff«nK>val of DNA fiom a soUd support (or solid support matrii^) is 
required, anoHier s<q> (elution) is used. 

Aoom.n«a.lly.».iUMelmp«iWngre.^i.,«dinto««e.t 

IWA puri^iiiig leageu dxnld be low. 

A I»IA dirtDg reagem be osed to remo« pmfled DNA fton, . solid 
««x«lollowi.gsoMfta,.p««ie«ioo. Il- DNA elmiog reagem ,.cl«i«: .boiler.. 
"-™-n*epH«le«.boo.7<pre,e^,,.«,e,s,.boo,8.o^p^^.«^^, 
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and most preferably, at least about 10); a base to adjust the reagent pH; a chelating agent; and 
ddonized and substanlianynuclease-fiee water. The buffer preferably has a pKa of at least 
about8. AprefenedbufiferisTiis. The base is preferably one that can raise the pH of the 
reagent to no less than 7. The base is preferably an alkaline metal hydroxide. Such alkaline 
metal hydroxides include sodium hydroxide, potassium hydroxide, and lithium hydroxide. 
The dieladng agent is preferably ethytenediamine-tetraacetatic acid (EDTA) or 
cydohexanediaminc^etraacetatic acid (CDTA). However, any chelating agent capable of 
redncmg nuclease activity is suitable for use. The combined amount of buffer, base, and 
chelating agent is of low concentration (typicaUy. no greater than about 20 mM). rendering it 
generaUy compatible with not significanUy inhibitory to) subsequent DNA analyses, 
such as PGR amplification or restricti<m enzyme digestion. 

Suitable solid supports include cellulose, cellulose acetate, glass fiber, 
nitroceUulose. nylon, polyester, polyethersulfone. polyolefin. polyvinylidaie fluoride! and 

combinations fliereof. A preferred soUd support is conqwsed of ceUulose such as that used 
commonly for specimen collection. 

Where tissues, cell membranes, ceU walls or viral protein coats are resistant to 
lysis by desiccation or treatment with a DNA puri^ reagent contaming a non-ionic 

detergent, the solid support may be treated with a lysing reagent to assist in lysis and 
subsequent purification. In conventional methods, this lysing step is performed typically 

priortocontactingthebiologicalmaterialwiththesolidsupport However, by adding a 
lysing reagent to the soMd support, a step is duninated and the method is simplified. 
Plreferably. the lysing reagent is appUed to the soM support and then dried on the soM 
support before contacting the biological material with the treated sofid support, although diis 
is not a necessary lequiremrat. 

Hie lysmg reagent is used preferably for the purification of DNA and can be 
composed of an amount of a detergent effective to lysecells or pretein coats sufficienUy to 
release DNA; a chehtting agent to reduce DNA damage; water, and optionaUy. a buffer 
effectivetoprovideapHofgreaterthanabout2. The detergent is preferably anionic. 
ExampfesofanionicdetergentsindudeN-lauroylsareosineoradodecylsulfatesalt Sodium 
dodecylsdfateisaparticularlypreferredanionicdetergent The buffer is preferably effective 
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tDpiovideapHofgreatBrthanabout6. Tiis is a particularly prefenedbufer. TTwchelating 
agent is preferably EDTA or caOTA. 

OptionaUy, the lysing reagent can include an RNA digesting enzyme, such as 
RNaseA.forthepuipa»ofdegradin^RNApresentinthebiological.8^^ Including an 

imA digesting enzyme eliininates the need for a sepantte IWase digestion 
required in conventional methods. 

This invention also provides mediods for purifying DNA from biological 
samples. The biological samples mclude. for example. ceU or virus suspensions, body fluids, 
whole blood, bone manow, buffy coat, plasma, cultured cells, all suspensions ie.g., bacteria. ' 
tissue homogenates) and enviromnental samples. The environmental samples include, for 
example, afr. water or soil Fbr solid phase purification, tiie metiiods of flie present invention 
mvolve contacting tiie biological sample witi, a solid support. A DNA purifying reagent is 
added to tiie solid support containing tiie biological sample to facilitate solubilization of 
impurities, lysis of ceU walls, release of DNA from tiie cells and DNA binding to tiie soHd 
support. Washing of tiie solid support witii a DNA purifying reagem (preferably, at least 
twice) causes impurities to be removed from tiie solid support. The solid support contaming 
tiie bound and purified DNA may be used directiy in ampUfication or oflier amdyses. 
Alternatively, tiie DNA may be removed using tiie DNA eluting reagent To elute DNA from 
die solid support, tiie DNA eluting reagent is contacted witii tiie soHd siqiport. incubated; and 
then removed. 

Anotiier aspect of tiiis invention involves tiie comhmation of a DNA purifymg 
reagentand/ortiieDNAelutingreagentwiflioneormoreoptionalanciUaiyreagents. TTie 
fiist andltaiy reagent, an RBC lysis reagent, is used to lyse red blood cells and fedU 
subsequent purification of NAs fiom tiie white blood cells contained in mammalian whole 

blood. Thesecondandtiiirdancilhuyreagents.acellsuspensionreagentandlyticenz^ 
leagent. are used togettier to digest cell walls in yeast and Gmm-positive bacteria prior to 
DNApurification. The fourth ancillaiy reagent, a protein digesting reagent is used to digest 
contaminatingproteins. A fifUi ancillaiy reagent, an isotonic solution is used to suspend 
DNA and/or cells as needed. 
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A fuither embodiment of the present invention is a method for purifying DNA 
from yeast and Gram-positive bacteria. The method involves combining the biological 
sample with a cell suspension reagent. The ceU suspension reagent includes a buffer, a 
chelating agent, and a cell suspendmg agent to form a cell suspension. To the cell suspension 
is added a lytic enzyme reagent. The lytic enzyme reagent includes an enzyme to digest cell 
walls, a buffer, an acid to adjust the pH of the reagent, and two stabilizing agents. The 
digested cells may be used for liquid or solid phase purification described above. 

The present invention also provides kits for purifying DNA comprising 
instmction means for preparing substantially pure DNA from a biological sample and one or 
all of the following: a DNA purifying reagent, a DNA eluting reagent, a lysing reagent, an 
RBC lysis reagent, a cell suspension reagent, a lytic enzyme reagent, an isotonic solution or 
any combination thereof. The kit can also include a solid support, either untreated or treated 
treated with a lysing reagent In addition, the kit can include a vessel to contain the solid 
support Substantially pure nucleic acids are those that arc suitable for use in subsequrat 
analyses known to those with skill in the art, for example, DNA amplification, revme 
transcription, and restriction enzyme digestion. 

DetaMled Description of the In vgnftnoin 
The present invention provides reagents, methods and kits for incorporatmg a 
solid support purifying, amplifying, and characterizing DNA from biological sanqjles. Such 
biological sanqiles include biological matmal, typicaUy in an aqueous mixture or dried, that 
contains nucleic acids (N As) like DNA, including conq>lex biological mixtures of prokaiyotic 
or eukaxyotic cells. Typically, the biological material also contains caibohydrates, proteins, 
and lipids. Biological materials include the following: body fluids such as whole blood, 
bone marrow, blood spots, blood serum, blood plasma, buffy coat preparations, saliva and 
c^ebrospinal fluid, buccal swabs, cultured cells, cell suspensions of bacteria or tissue 
homogenates, solid animal tissues such as heart, liver and brain, body waste products, such as 
feces and urine, environmental sany)les taken from air, water, sediment or soil, plant tissues, 
yeasts, bacteria, viruses, mycoplasmas, fungi, protozoa, rickettsia, and other small microbial 
cells. Lysates or homogenates of these biological materials may also be used. 
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Preferably, the reagents, n^thods and kits incoipoiating a soKd support of the 
piesentinventionprovidesubstantiaUypuieDNAinanyfomL The DNA may be coinposed 
of. for example, chromosomal or genomic DNA, extrachiomosomal DNA (such as 
mitochondrial and plasmid DNA). single stranded DNA and viral DNA 

Using these reagents, methods, and kits incorporating a soHd support. DNA of 
substantiallyhighpuiitycanbeobtained. The purity of the DNA is determined by the 
substantial reduction of impurities, such as proteins, that could interfere with subsequent 
analyses.suchasthesensitiveRT-PCRand/orPCRassays. As used henrin. "pui«" means 
substantially fiee of carbohydrate, protein, and lipid impurities, such that the purified DNA 

can be used in subsequent analyses known to those with skiU in the art Tbus. the isolated 
and purified DNA obtained according to the present invention is suitable for use in 

subsequentanalyses. Inferably. tiu^meti.ods and kits of ti.e present invention purify a wide 
range of DNA all of which can be recovered over a wide molecular weight range. 

This invention describes methods for using a low concentration reagent for 
purification of DNA These methods are generally more rapid and simple than flwse used 
typicaUy for DNA purification. The purified DNA obtained fiom these purification steps can 
be evaluated for purity, yield, size, amplification ability, etc. 

The biological samples include, for example. ceU or virus suspensions, body 
fluids, and tissue homogenates. If tiie biological sample consists of cells or viruses, the cells 
orvirusesmaybeenumeratedpriortoUusstep. The enumeration may be conducted using 
standard cell counting metirods such as an electronic ceU counter {e.g., CBC5 Coulter 

Counter. Coulter Corp.. Hialeah.FL)oravisualcounter(e.,..ahem^ 
American Optical, Buffalo. NY). 

The process for solid phase DNA purification consists of applying a biological 
sampletoasoUdsupportwhichmaybetreatedwithalyslngreagcnt. Contact with tiiesoUd 
support causes the oeU and nuclear m«nbranes to solubilize and/or rupture, thereby releasing 
theDNAwhichthenbindstothesoUdsupport The solid support may be heated to facilitate 
solubibzationandruptureofthecenandnudearmembranes. TTie released DNA binds to the 
sohdsupportallowingimpuritiestoberemovedbytiu.additionofafirstreagent. Thisfirst 
leagentmaybeacommerciallyavailablepurifyingreagentforDNA Impuritiesare 
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solubUized in the first reagent and are removed by suitable means such as centriftgation. 

pipetting.pressure.orvacuumleavingDNAisleftboundtothesoBdsuppoA Tlius.the 
piDcess uses only one reagent and two main steps (Le., washing and the removal of excess 

aqueous solution). IfDNA is removed ftom the soKd support, a, additional reagent, a DNA 
ehiting reagent, is added and another step (eluting) is cairied out 

Fbr solid phase DNA purification, it may be necessary to remove the purified 
DNA fitmi die solid support prior to analysis. He present invention also includes a low 

concentretionDNAelutionreagentforelutingDNAfiomasolidsupport decomposition 
of the low concentration DNA elution reagent may vary, but the total concentration is 
typically less tiian 20 mM f(H^ all compositions. 

The low concenttation DNA elution reagent, herein referred to as tiie "DNA 
Bluting Reagent." is capable of removing DNA fiom a soUd support. It contains a base, a 
buffer, a chelating agent, and water in combination to maintain a pH of at least about 7 
preferably, at least about 8. more preferably, at least about 9. and most preferably, at lelst 
about 10. 

nie DNA Eluting Reagent contains a buffer to maintain the pH at least about 
7 and preferably has a pKa of at least about 8. Suitable buffers include, but are not limited to 
N.N-bisr2-hydroxyethyl]glyci„e (avaUable under tiuj trade designation "BICINE" fiom Sigml 
Chemical Company, St. U,«is, MO), 3-[cyclohexyiamino]-2.hydroxy.l. propanesulfonic acid 
(available under tiie trade designation "CAPSO" fiom Sigma Chemical Company), and Tris 
The buffer is used in an amount that is not significantiy inhibitonr to subsequent DNA 
analyses, such as PCRanqrfification. nius.it is typicaUy used in an amount of no greater 
thanabout20mM. Inferably, the buffer is Tris and is used in an amount ofabout 0001-20 
nM, more preferably, about 0.01-15 mM and most preferably, about 1-10 mH based on tiie 
total volume of the reagent. 

In addition to the buffer, tiie DNA Huting Reagent contains a base to adjust 
thereagentpR The base is used in an amount tiiat is not significantiy inhibitory to 
«>bsequentDNAanaly8es.8uchasPCRampUfication. Thus, tixe base is typically used in an 
aniountofnogreatertiianabout20mM. Such bases include, but are not limited to 
potassiumhydroxideandsodiumhydroxide. Preferably, tiie base is an alkaline metal 
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hydroxide like sodium hydroxide, potassium hydroxide, or Mman hydroxide and is used in 
an amount of about 0.2-20 mM. more preferably, about 0.5-15 mM, and most preferably, 
about 1-5 mM, based cm the total volume of the reagent 

In addition to a buffer and a base, the DNA Hutiqg Reagent includes a 
chelating agent A chelating agent is used in an amount effective to reduce DNA damage 
ie.g., by nuclease activity) during and following removal from the solid support so that the 
DNA is suitable for subsequent analyses. Suitable chelating agents are those capable of 
chelating divalent cations in aqueous media. Such chelating agents include, but are not 
limited to, ethylene diamine tetraacetate (EDTA) and cyclohexane diamine tetraacetate 
(C3>TA). Preferably, die chelating agent is EDTA. In addition, die chdating agent is used m 
an amount tiiat is not significanUy inhibitory to subsequent DNA analyses, such as PGR 
amplification. Thus, it is typically used in an amount of no greater than about 0.1 mM 
Preferably, the chelating agent is used in an amount of about 0,0001-0.1 mM, more 
preferably, about 0.005^).05 mM, and most preferably, about 0.0015^.015 mH based on the 
total volume of the reagent 

The buffer, base and chdating agent are cranbined widi water to form the 
DNA Eluting Reagent The water is preferably deionized and nuclease fiee. The combined 
amount of buffer, base, and chehiting agent is of low concentration (typically, no greater than 
about 20 mM). rendering it generaUy compatible witii (Le., not significantly inhibitory to) 
subsequent DNA analyses, such as PGR amplification or restriction enzyme digestion. 

AU the reagents used in purifying DNA bom the source biological material 
havebeenformulatedtobecompatiblewithamplificationandoflieranalyses. n>ereagents 
have low concentrations of buffer, salt detergent and chelating agents tiiat make them 
compatible with ampHfication analyses. The fimd purified micleic acids are suspended in die 
DNA Eluting Reagent for soUd phase nucleic acid extractions. Therefore, tiiese reagents have 

beenoptimizedforuseindownstreamDNAanalyses. Such DNA analyses might include, 
but are not limited to, RT-PCR and PGR. 

Currentiy avaUable PGR ampUfication reactions from 3 manufacturers. Perkin 
Ebner. Promega. and Roche Molecular Biochemicals. are conducted in a 1 X burred 
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solution that lw,ically has the concentrations of Tris buffer, salt, and nonionic detergent at a 
basic pH between 8-10 as shown ui Table 1. 



TABLE 1 





PERKINPJ.MPR 




..J 

ROCHE 1 

MOLECULAR 

BI0CHEMTPAT5! 


Tris(niM) 


10 


10 


10 


Ka(mM) 


50 


50 


50 


Triton X-100 (%) 




0.1 




Gelatm(%) 


0.001 






[MgQ^ (mM) 


-1.5 


-1.5 




fpH 


8.3 


9.0 


83 1 



The lysing reagents and eluting reagents have Ttis bufier concentrations that 
are either of the same order of n««nitude or significantly lower than theconc«^ 
mPCRsystems. Concenttations of Tris buffo m the dating reagent typicaUyr^^^ 
1 0 mM and wiU not inhibit or significantly interfeie with the amplification process. 

Another aspect of this invention mvolves the aanWnation of the DNA 
iniii^gieagent and/or the DNAEhrtingRe^t with one or mom 
icagents. These andUary reagents induden^^ blown to one of sidll in the art for 
acidpurification. TT»"«thods and kits ofthe present invention, however, are not limited to 
theuseof these spedficandlhuy reagents, as oneofskiflmthe art may use 
and/ortednnques toadueve the samepnrpose. Also. theDNAp^^^ 
DNA Eluting Reagent can be used with other reagents and/or techniques if desired. 

The first andllaiy reagent is a red blood ceU lysing reagent used to lyse red 
blood cells and fecilitate subsequent purification of DNA ftom the white blood cells 
contamedm mammalian whole blood. Tim «agent is leferred to herein as the «RBC Lysis 
Reagent" andcontains ammonium chloride, sodium bicarbonate. andEDTA. Prefembly the 
ammonium ddoride is used in the RBC Lysis Reagent at a concentmtion of about 140-150 
mM. and more pi^ferably. about 142- 146 mM. based on the total volume of the n^agent 
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I more 



man 



fteferably. the sodium bicartKmaie is used at a concentnttion of about 03-5 mM. and _ 
pieferably.about0.5-2nAf.l««edontte total voluineoftbe ftefeiably. the EDTA 

IS used at a concentiati«i of about 0.5- 10 mM. and moie preferably, about 0.75-1.25. based 
ontfaetotalvolumeofthe«agent RBCLysisReagentcontains.water. preferably of the 
purity described above. RBC Lysis Reagent is contacted with mammalian whole blood ir 
amountofavolumesofRBCLysisReagenttolvolumeofblood. TT.e sample incubates 
about 1-30 minutes, preferably about 10 minutes, and white cells are separated from the 
sample by centrifaging at 15.000 for 20 seconds. All but about 1-3% of the supernatant 
ftaction is discarded leaving the white cells available for DNA purification. 

When combined with mammalian whole blood, the RBC Lysis Reagent forms 
aredceniysatecontamingsubstantiaUyintactwhitebloodcells. It can also contain viruses 
with substantiaUy intact protein coats. The white blood cells (and any cell-associated viruses 
thatmaybepresent)arethenseparatedfiomther«dceUlysate. THe white blood ceUs can be 
combmedwithanucleicacidpurifying reagent direcfly or foDowing application to 



support 



The second and third ancillary reagents are used together to digest ceU waUs 
ftomyeastandGram-positivebacteriapriortoDNApurification. The reagents are referred 
to herein as ••CeU Suspension Reagent" and Xytic Enzyme Reagent- TT«y are used in the 
fi«tstepsoftheDNApurificationproceduretodigestceUwaUsthatmaybe.e^^^ 
byanucleicacidpurifyingreagent The CeU Suspension Reagent is combined with a 
biologicalsampletoformaceUsuspension. The Lytic Enzyme Reagent is combined with the 
ceUsuspensiontoformamixturecontainingdigestedcells. •n«»se digested cells are then 
separated fiom the mixture by centrifiigation. for example, and then comacted with the 

nucleic add purifying reagent directly or followingapplicationtoasoM 

TTie CeU Suspension Reagem keeps ceUs intact whUe their ceU waUs are being 
digestedbylyticenzymes. This reagent contains a buffer, preferably Tris. to maintain the 
ieagentpHatabout7.8.5.andmoreprefe„a,ly.about7.5-8.0. TTie buffer is used preferably 
at a concentration of about 0.05-0.15 H and more preferably, about 0.08-0. 12 M. ba^ on 
thetotalvolumeofU^reagent The CeU Suspension Reagent also contains a chelating agent. 
pieferablyEI>rA.to,educeDNAdamage. The chelating agent is used, preferably at a 
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concentration of about 0.05-0.15 M. and moie preferably, at about 0.08-0.12 H based on the 
total volume of the reagent. The pref«n«l molar ratio of buffer to chelating agent is about 
1:1. "IWs recent also contains agents such as sori,ii»l.,ob»p cells intact w 

waUs are being digested. This agent is used preferably at a concentration of about 0.8- 1 0 

andmorepreferably.about0.85-0.95M.basedonthetotalvolumeofthereagent He 

buffer.chelatingagentandceUsuspendingagentarecombinedwithwater. THewateris 
preferably deionized and substantiaUy nudease-fkee. 

The Lytic Enzyme Reagent contains a lytic enzyme that digests beta-U- 
gl«cosepolym«sthatarecontainedinyeastcellwaUs. A purified fom, of this enzyme is 
rcadUy available firom commercial sourees. such as Sigma Chemical Company. St Louis. 

MO. Theactivityofthisen2ymeispreferablyatleastabout200unitspermg more 
preferably.at least about lOOOunitspermg. and most preferably.at least abom5.000m^^ 
permg. 1^ addition to the enzyme, the Lytic Enzyme Reagent contains a buffer, preferably 
Tns. to maintain the reagent pH. Tris is used preferably at a concentration of about l-20mM 
more preferably, about 5-15 mM. and most preferably, about 8-12 mM. based on the total 
volume of the reagent The pH of the lytic enzyme reagent is adjusted to apH of about 7.5- 
8.2 usmg an acid, such as hydrochloric acid, m addition, the Lytic Enzyme Reagent contains 
two stabilizmg agents. The first is preferably glycereL Gljcerol is used preferably in an 
amount of about 20-50% glycerol(volume/volume).morepreferably.about 24^ 
and most preferably, about 28-32% glycerol The second stabilizing agent is preferably 
calciumchloride. Calcium chloride is used preferably at a concentration of about 0.5-5 mM. 
andmorepreferably.atabout0.75.1.25mM.basedonthetotalvolumeofthereagent Tte 
enzyme,buffer.add.andtwostabilizingagentsarecombmedwithwater. TTiewateris 
pieferablydJ. water. P«fen*ly.tiieieagent is purified passing threugh a 
0.2^ pore size. 

•«»ltay 300 Cdl S,«pen^ R«^, „ 

*»30™™es. A«crc««Hfagi,^,„ ,5.00Ox«to 1 

«mowd tenrng a,e digesttd celk TOiUble for mA porifMOT^ 
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A fourth ancillaiy reagent, the protein digesting lejigent, herein refened to as 
the *Vrotem Digesting Rea^t." is used to digest oontaminatmg protem, especially in stMd 
tissue samples. A purified fom of this enzyme. Proteinase K, is readily available fiom 
commercial sources such as Sigma Chemical Company and is used at a concentration of 
about 0.1 mg/mL. Heating at greater dian Sd'C accelraates the activity of this enzyme. 

A fifth ancillaiy reagent, an Isotcmic Solution, is typically used to make cell or 
DNA suspensions. Suitable isotonic solutions are salt-based, often buffered with tris, citrate 
or phosphate. An exaiiq)le is phosphate buffered saline (PBS). 

For solid phase purification, suitable solid supports include, but are not limited 
to, cellulose, cellulose acetate, glass fiber, nitrocellulose, nylon, polyetheisulfone, polyester, 
polyolefin, polyvinylidene fluoride, and combinations thereof. A preferable solid support is 
composed of cellulose fibers such as found in the specimen collection paper 903 available 
ftom Schleicher and SchueU (Keene, NH) or BFC 180 available fiom Whatman International 
Ltd. (Springfield Mill. Kent. England). Anothw preferable solid siqiport is polyolefin. 
Polyolefin is herein defined as any olefin based copolymer or homopolymer uxduding 
modified polymers such as graft copolymers. Acceptable polyol«Bns mdude low, medium, 
and high density polyolefins and linear, low density polyethylene, polypropylene and 
polybutylene. Preferably, the polyolefin soUd support is hydrophilic and coiiq)osed of a 
mixture of low density polyethylene and polypropylene fibers such as those found in the 
Filtrona* polyolefin available fiom American FUtrona, Inc. (Richmond, VA). Most 
preferably, the soUd support is directionally porous giving uniform flow characteristics and 
low back pressure, is composed of fibers that are interlaced and bonded to each other, is 
resilient to allow for easy packing into a spin tube, well, cartridge, or another vessel, has a 
void volume of about 50-90% and is composed of fibers having a diameter of about 20-30 
A^nL 

The size of the solid support suitable for use with the reagents of this invention 
may vary accordmg to the volume of biological material For example, when Schleicher and 
SchueU 903 paper, which has a thickness of 0.5 mm, is used for the solid support, a 3 mm 
dianaeter disk will hold about 3 /A blood and an 8 mm diameter disk will hold about 25 fA 
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blood. As the volunK Of the biological nurterial increases, the 
increase accordingly. 

The shape of the solid support suitable for use with the reagents of this 
invention may vary according to the type of biological material. For example, when buccal, 
nasopharyngeal, vaginal, urethral, and rectal samples are obtained, a swab is an appropriate 
coUection device. When body fluids such as blood or saliva samples are obtained, the solid 
supportmaybe.forexaniple.asheet.aprecutdiskoracylinder. If necessary, the soUd 
support is contained in an appropriate vessel. e.g. . a paper form (such as a Guthrie card), a 
microcentrifuge tube, a spin tube, a 96.weU plate, a chamber, or a cartridge. 

nie soUd support may be treated with a lysing reagent to assist in lysis and 
subsequent purification. Preferably, the volume of the lysing reagent used to treat the soUd 
support is at least one-tenth of the total volume of the soUd support More preferably, the 
volmne of the lysing reagent is at least half the total volume of the solid support, and most 
preferably, the volume of the lysing reagent corresponds to the total volume of the soUd 
support The total volume of the soM support refers to the volume defined by the external 
boundaries of the solid support. The resulting product is a lysing matrix for isolation of 
nucleic acids such as DNA. herein referred to as the "Lysing Matrix." By combining a lysing 
reagent with a soHd support the DNA purification method is simplified by removing a 
separate lysing step. Inferably, the lysing reagent is allied to the solid support and then 
dried on the soUd support before contact with the biological material. In contrast, 
conventional systems typicaUy contact the biolc^cal material widi the ly^^^ 
prior to contact with the soUd support, or the biological material is suspended witf, the soUd 

support after which the lysis rej^t is added to the resulting suspension. 

Optionally, the lysing reagent can include an RNA digesting enzyme if it is 
necessary to digest RNA present in a biological sample. By combining an RNA digesting 
enzyme wifl, a soKd support, die DNA purification metiiod is simplified by removing a 
separate digestion step. A preferred RNA digesting enzyme is RNase A. A purified form of 
tiiis enzyme is readUy avaitable ftom commercial sources such as Sigma Chemical Company 

StI^.MO.Pref«ably.RNaseAisaddedtotiieLysingReagentinanamount ' 
0.005-1 mg per ml and more pref«ably. about 0.01-0.1 mg per ml. ITw* activity of tiiis 
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eazymc is preferably at least about 50 units pa ntg and more piefaabfy, at least about 100 
units per mg. 

la a preferred embodimoit, the lysing reagent includes the anionic detergent 
and the RNA digesting enzyme, but does not include a chelating agent or a buffer. Suitable 
anionic detergents are capable of lysing cells and/or solubilizing proteins and lipids. Such 
anionic detergents include, but are not limited to. salts (e.g., sodium, potassium, lithium salts) 
of dodecyl sulfate as well as N-lauroyl sarcosine or a dodecylsulfate salt Preferably, the 
anionic detergent is a dodecyl sulfate salt. Preferably, it is used in an amount of about 0.1- 
10%, more preferably, 0.2-1.6%, and most preferably, about 1.0-0% wei^t/volume, based 
on the total volume of die reagent For biological samples with a high RNA content, such as 
ceU culture suspensions, an RNA digesting enzyme is necessary. A preferred RNA digesting 
enzyme is RNase A. For biological samples with a high RNA amlent, comniercially 
avaUable RNase A, (e.g., Puregene* RNase A avaUable at a concentiatioii of 4 mg/taiL, 
Centra Systems Inc., Minneapolis, MN) is added to the anionic deteigent solution in an 
amount of about 0.005 - 1 mg per mL and more preferably, about 0.01-0. 1 mg per mL The 
activity of this enzyme is preferably at least about 50 units per mg and more preferably, at 
least about 100 units pec mg. 

In yet another preferred onbodunent, the lysing reagent inchides otdy the 
anionic detergent, but does not include a chelating agent, buffer, or the RNA digesting 
enzyme. Anionic detergents are used as described above. 

This invention also provides methods for purifying DNA from biological 
samples. For soUd phase purification, die methods of the present invention typically use only 
one reagent and two main steps (e.g., washing and drying). The method involves contacting 
tile biological sample witii a soUd support to lyse tiie cells tiiereby releasing die DNA which 
tiien binds to tiie soUd support A commercially avaUable DNA purifying reagent is added to 
tiie soUd support to £acflitate solubilization and removal of impurities. Sequential washing of 
tiie soUd support witii tius reagent causes impurities to be removed fiom die soUd support. 
Prior to use in subsequent analysis, excess aqueous solution may be removed from die soUd 
support containing tiiepurified DNA by mediods such as evaporation or centrifiigation as 
described in examples 1, 2. and 3. 
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As ao alternative to usmg the solid support containing the purified DNA in 
subsequent analyses, the DNAnuqr be removed fiomthesoKd support An additional reagent 
and an additional step (ehiting) are used if the DNA is removed from the soUd support, 
ftefisrable. the DNA eming Reagent is used to remove DNA fiom the solid support This is 
illustrated in Examples 4, 5, 7. 8, 9. 10. 1 1. and 13. 

Preferably, the method involves contacting the soUd support containing the 
DNA witfi the DNA Eluting Reagent and incubating. Preferably, the amount of DNA Huting 
Reagent is about 0.25 vohmies DNA Eluting Reagent to about 1 volume solid support, more 
preferably, the volume is about 1 volume reagent to about 1 volume soUd support, and most 
preferably, the volume is about 4 volumes reagent to about 1 volume soUd support. 

The temperature of the incubation is, preferably, at least about 30»C, more 
preferably, at least about 80»C, and most preferably, at least about lOO'C. The duration of 
the incubation is preferably, at least about 2 minutes, more preferably, at least about 5 
minutes and most preferably, at least about 10 minutes. The DNA is removed from the solid 
support by standard methods, such as centrifagation, vacuum or pressure. 

to a preferred embodiment the soUd support is treated with the Lysing 
Reagent such that the Lysing Reagent is bound to the solid support. The Lysing Reagent may 
be bound covalently, non-covalenUy, by being trapped within the interstitial spaces of the 
solid support, or by being deposited on the material (e.g., fibers, beads, etc.) of the solid 

support. The resultingproductisaLysmgMatrix. Preferably, the Lysing Reagent is aUowed 
to dry on the solid support. 

The Lysing Reagent is added to the solid suppport. preferably at a volume 

corresponding to at least one^enth of the total volume of the soUd support, more pre^ 
a volmne corresponding to at least half of the total volume of the solid support, and most 

preferably at a volume corresponding to at least the total volume of the soUd support. 

In another embodiment of the invention, the Lysing Reagent may be added 

direcUy to the material (e.g.. fibers, beads. used in making the soUd support and 
preferably allowed to dry before it is made into the final us«-ready fonn (e.g., paper, swab, 
disk. plug. cohmm,«to). to yet another embodiment, the solid support may be treated with a 
crystallme or powder fonn of the lysmg reagent and aUowed to bind to the soUd support. 
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DNA is isolated by aUowing the sample of biological material (cultured cells, 
whole blood, etc.) to contact the Lysing Matrix. Although the san^le may be treated with a 
lysing reagent before contact with the Lysing Matrix, the efiSciency of purification and the 
DNA yield are greaUy improved when the biological material is not pre-lysed. Thus, 
preferably, the biological material is added directly to the Lysing Matrix which lyses the ceUs 
and solubilizes protein coats and Upids. The efficiency of lysis may be improved by heating 
at greater than at least 30'C more preferably at greater than at least 50°C. and most 
preferably at greater than at least 80»C. After at least 1 minute of incubating the sample 
within the Lysmg Matrix, it is washed with the DNA purifying reagent. Sequential washing 
of the Lysing Matrix with the DNA purifying reagent causes impurities to be removed fiom 
the Lysing Matrix. Preferably, the amount of DNA purifying reagent used for DNA 
purification is about 0.5 volume DNA purifying reagent to about 1 volume of biological 

material,morcpreferably,about2volumesofDNApurifying reagent to about 1 volume of 
biological material, and most preferably, about 5 volumes of DNA purifying reagent to about 
1 volume of biological material. Preferably, the number of washes with the DNA purifying 
reagent is at least two and more preferably, at least 3. This mediod is illustrated in Examples 
7,8.9. 10. 12, and 13. 

A further embodiment of the present mvention is a method for purifying 
nucleic acids, like DNA, fiom yeast and Gram^wsitive bacteria. These biological materials 
are typically more resistant to lysis. The medKxl involves combining the biological sample 
with a first ancillary reagent, Le., a CeU Suspension Reagent ie.g., CfcU Suspension Solution, 
CSentra Systems. Inc.. Mmneapolis,MN). The CeU Suspension Reagent includes a buflfer. a 
chetotingJigentandaceUsuspendmgagenttoformaceUsuspension. To the ceU suspension 
is added a second anciUary reagent, ie. , a Lytic Enzyme Reagent (e.g. . Lytic Enzyme 
Solution. Centra Systems. Inc., Mimieapolis, MN). The Lytic Enzyme Reagent mcludes an 
enzyme to digest ceU walls, a buflfer. an add to adjust the pH of the reagent and two 

stabilizing agents. The digested cells may be used for liquid or soUd phase purification 
desoibed above. 

As another aspect of this mvention, a kit is provided that includes specific 
protocols, which in combination witfi fht reagents and optionally tiie solid supports described 
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herein, may be used for poring DNA from biological materiaU according to the mediods of 

theinvention. The kit includes instruction means. Depending on the application, the kit may 

also include any combination of a DNA pmifying res^gent. DNA Eluting Reagent. RBC Lysis 

Reagent, CeU Suspension Reagent. Lytic Enzyme Reagent, Protein Digesting Reagent. 

Isotonic Solution, solid supports, soUd supports treated with Lysing Reagent and/or RNA 

digestiAg enzyme, vessels to contain the soUd supports, vessels to contain the waste Uquids, 

and vessels to contain any eluted DNA. Two preferred DNA Purification Kits are described 
bdow. 

A kit for puiiiying DNA using solid phase purification contains: a DNA 
purifying reagent (e.g.. C3ENBRATI0N* DNA Purification Solution. Centra Systems. Inc., 
Minneapolis. MN), instruction means; a Lysing Matrix, and a vessel to hold the Lysing 

Mattix. In this kit the purified DNA remains bound to the soUd support for subsequent 
analysis. Methods to illustrate the use of this kit are given in Examples 5 and 28. 

A kit for purifying DNA using solid phase purification and subsequent elution 
contains: a DNA purifying reagent, instruction means, the DNA Eluting Reagent, a soUd 

support or a Lysing Matrix, a vessel to hold the soUd support or the Lysing IVlatrix. one or 
more vessels to coUect the waste, and a vessel to collect the purified DNA. Methods to 
illustrate the use of tfiis kit are given in Examples 4, 5. 7, 8, 9, 10, and 25. 

In order that the invention may be better understood, specific embodiments for 
vessels that contain the solid support will now be described in more detail 

In one prcfened embodiment of this invention, the vessel is a cartridge 
equippedwitfitwoinletportsatthetop. The inlet ports are attached to vessels upstream 
containingthesampleorreagentsthroughacoimector,suchasafeiiialeLuer.Loc^ One 
inlet, the san^le port, is used for the application of the biological sampfe to the s^^^ 
Anoptionalfeatureonthesanvleportisasdf-scalingmechanismthatscakthes^^^ 
aftersanqjlehasbeentransferredtbroughit ThesecondinletservesasareagentpM^ An 
optional featureonbothinletportsisaprotective breakaway seal Ftohermore. the inlet 
ports.breakawaysealsanddiflfusermaybehousedinanoptionalscrewK^^ Atthe bottom 
of the solid support is an optiomd diffuser with a pore size suitable for the passage of ceUular 
debris, proteins and lipid molecules. The diffuser aUows for a uniform traversal of biological 
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material aaoss the «oss section of the cartridge, and pievents unequal buildup of biological 
materialanywheicbelowthesolldsupport TT>eouUetofthe cartridge comes equipped with a 
protectivecapthatfitsneaayovcrthet^banel. The purified DNA is collected in a 
coUection tube that consistsofaconicd tube withasnapcap for easy and^^ 

storage, -"leentiie vessel can be scaled in size depending on the size of the samples to be 
processed and the yields needed for subsequent analysis. 

In another prcfencd embodiment of this invention, the vessel consists of a spin 
tubedesignedtoholdaninseitintowhichthesolidsupportispacked. lUe solid support may 
be cdIulose.ceUulose acetate, glass fiber. nitHK^Uulose. nylon, p^^^^ 
polyolefin.polyvinylidenefiuoride, and combinations thereof. The insert consists of a 

flanged top to hold it in the spin tube andaperforatedbottom to allow fluids topassthroBgh 
whilesupportingthesolidsupport A cap tethered to the spin tube was used to cover the 
insert E^aniples of a commerciaUy available spin tube are given in Examples 2 4 7 8 9 
audio. Thebiologicalmaterialpassesthroughtheperforatedbottomandiscoll^^ 
bottom of the spin tube. When used, the biological material is appUed to the solid support 
The r^pusitevolumeof reagent whetheranucleicaddpuri^g^^tordutingr^ 
rsthenaddedtothesoHdsupport The spin tube is then placed in a centrifuge and subjected 
to centrifugal forces that draw out the biological material, the puri^ reagent and the 
punfied DNA through the soUd support during the purification process. 

In yet another embodiment, the vessel may be multiple weU plates, for 
example. 6. 12.24. 48or96weUplateswhereasoHdsupponispackedi^ 
bottom of each well has an exit port through which waste and debris can pass. 

Thisinventionwinbefurtherdescribedlvwfcccncetothefonow 
examples, "nicsc examples are offered to further iflustrate the various sp^^ 
embodm^ntsandtechniques. It should be understood, however, that many variations and 
modifications m^bemadewhfle^mahring within the scope Of the 

All of the law materials mentioned below are readily available fiom 
commercial sourcessuchasSigmaChemicaia,mpany.StLouis.MO. All percentages are 
mvolmnepervolm„e.b««donthetotal volume of thereagent unless specifiedoth^^ 
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Esamoles 

lEgamnlB I. Evaluation of SolM Smmi orts For HUMA FmrfTncatanin 

Several soUd supports, which were cut into smaU pieces with surface area of 
about 3 mm diameter or 2 mm square, were evaluated as substrates for DNA purification. A 
1 Ad volume of whole blood was pipetted onto each soUd support, held in a 0.6 ml tube or the 
weU of a 96-weU plate, and aUowed to dry. To purily the DNA. 200 nl DNA purifying 
reagent (GENERATION* DNA Purification Solution. CSentra Systems, Inc.. Mimieapolis. 
MN) were added and incubated forl5 minutes. After pipetting up and down three times to 
mix. the DNA purifying reagent (containing eluted impurities) was discarded. This washing 
procedure wasrepeatedtwice more foratotalofthreewashes. During this three-step 
washing procedure, impurities were selectively removed leaving the purified DNA bound to 
the soUd support. Although the soUd supports could be dried by evaporation at room 
temperature to about SO'C. an optional alcohol washing step was used to accelerate the 
drying process. A volume of 200^1 100% ethanol was pipetted onto each solid support, 
incubated for 1 minute and then removed. Isopropanol (2-piopanol) at 100% was abo found 
to be a suitable alcohol to accelerate drying. The ethanol rinse was iqieated once more for a 

total of two rinses and then the disks were aUowed to dry at room temperature for at least two 
hours. 

To evaluate the soUd supports in a DNA amplification assay, each was 
transfeiredtoa0.6mltube. Each amplification reaction contained IX amplification buffer 
(Ptom^ Madison, WD. l^mMMgO,. 200 /zM each deoxynucleotide, 2.5 units Taq DNA 
Polymerase (Promega. Madison. WD. and primers each at 1 ;iM specific to the D 1 S80 locus. 
TheprimerswereshortenedfiomthosegivenbyBudowleeraiL. Am.J.Hum n.n.t a» 
137-144 (1991) with the oligonucleotide sequences as follows: sense 5' GAA-ACT-GGC- 
CTC^CAA-ACA-CTG-CCC 3* (SEQ ID NO: 1) and antisense 5* GTC-TTG-TTG^AG- 
ATG-CAC^G-CCC 3' (SEQ ID NO:2). The samples were amplified using 35 cycles of 
94»C for 1 minute. 70»C for 1 minute, and 72-C for 2 minutes. 

The results showed the presence of D1S80 ampUfication products using 
several soUd supports. The soUd supports that were found to be suitable for DNA 
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purification are listed below. The best iesults(ie,, the greatest amount of am^^ 
product) were observed using the cellulose paper solid supports. 



Brand Name 
S&S 903® 



AUstrom 238 



BCF180® 



3MM® 



Durapore® 



BiodyneA® 



NOBind* 



UnifloPlus® 



UnifloPlus** 



Substrate Typ e 
cellulose paper 



cellulose paper 



cellulose paper 



cellulose paper 



polyvinylidene fluoride 



charged nylon 



nitrocellulose 



glass fiber 



cellulose acetate 



Manufacturer 

Schleicher and 

Schuell, 

Keene^NH 

Ahlstrom, 
Ml HoUy 
Springs, PA 

Whatman 
Intonational Ltd. 
Springfield 
Mill, England 

Whatman 
International Ltd. 
Springfield 
MiU, England 

Millipore 
Corporation, 
Bedford, MA 

Pall Corporation, 
Port Washington, 
NY 

Poretics 

Corporation, 

Livermore^CA 

Schleicher and 
SchueU. 
Keene, NH 

Schleicher and 
SchueU, 
Keene, NH 
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Pur-Wrap" 



BicxfynePlus* 



PESFUter 



Filtrana* 



Loikosoib* 



Dacran* swab 



charged nylon 



polyethersulfone 



polyolefin 



polyester 



Hardwood 

Products, 

Guilfoid^ME 

Pall Corporation, 
Port Washings 
NY 

Poretics 

Corporation, 

Livoinore,CA 

American 
Hltiona, 
Richmond, VA 

Pall Corporation, 
Port Washington, 
NY 



To evaluate a rapid solid phase purification method, two blood samples WHB 
collected fiom each of ttaee individoah, one was used ficsh and the other wa^ 
at -SO'CforSmonths and then thawed before use. A volmneof 3;awholebloodwas 
pipetted onto a 3 mm diameter disk of S&S 903 paper, which was contamed in the insert 
2mlspintube(Spin.XCatdogNo.9424,ComingCostar.Cambridge.MA). Avolumeof 
200 td nucleic add DNA puri^g reagent (GENERATION* DNA Purification Reagent, 
Gentra Systems, be. Mimieapolis. MN) was pipetted into the insert and the sample 
incubated fori minute. The DNA purifying reagent was removed by centrifirgation at 15 000 
X g for 10 seconds to coUect the eluted impurities m the spin tube. A second and third wash 
with a DNA purifying reagent was performed in the same way for a total of three washes. 
Bach disk containing pmified DNA was transferred to a 0.6 ml siliconized tube for 
amplification analysis. The waste collected in the spin tube was discarded. 

To evaluate the purified DNA samples in an amplification assay. 50 ^ PGR 
amplification solution was added to each disk. Each amplification reaction contained IX 
amplification buffer (Promega, Madison. WD, 1 .5 mM MgCl,. 200 MM each 
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dcoxynucleotide. 2 J units Taq DNA Polymeiase (ftomega. Madison. WD. and 1 ^ «ch 
pnmer. OMg<mucleotidepriniere given by Ridlcere/fli:. New Enai t -x^o 912.917 
(1995) weic used to amplify a fector V gene sequence during 35 cycles. whl„ a cycle was 
defined as 94-C for 1 nunute. 58-C for 1 minute, and 72 -C for 1 minute. A 10 ^ aliquot 
ftom each DNA sample was electrophoiesed through a 2% agarose gel at 80 volts for 45 
minutestodetennineampliflcationiesults. THe gel and running buffer contained 0 125 ;.g 
per ml edddium bromide to allow visualization of the amplified DNA on a transUuminator. 

A factor V amplification product of 223 base pairs was observed for each of 
the six samples foUowing gel electrophoresis. The amplification results showed that the 

rapid solid phase DNA purification method, which was performed in about5minutes. gave 
substantially pure DNA fiom fresh or frozen whole blood. 



At least two DNA samples were prepared from the following biological 
materials (human source except where noted): whole blood, bone marrow, saliva, buccal 
cells, culmied K562 lymphoblast cells. Drosophila melanogaster (D. melanogaster) ftuit 
flies, alfalfa leaves and Escherichia coU (£ colt^ bacteria. Samples of whole blood, bone 
marrow, saliva and buccal ceU scrapes were applied to S&S 903 paper, dried and then 
sampledbypunchinga3mmdiameterdiskwithaholepunch. Samples of plant or animal 
tissues were prepared by pressing adult D. fnelanogaster flies or alfalfa first leaves 
(cotyledons)ontoS&S903 paper. The samples were placed between dn. collection paper and 
a piece of PARAFILM «M" (American National Can. Greenwich. CT) and pressed with 
thmnb pressure. Cultured ceU suspensions were prepared in standard growUi medium 
suitable foreitherK562human censors. ccfibacterialceUs. A volume of M medimn 
c<mtainingaro«Kll0.000K562cellsoravolumeof5Mconto^ 

cellswaspipettedontoaSmmdiameterdiskanddried. Then each disk was purified as 
described in Example 1. 

To evaluate the purified DNA samples in an amplification assay, a 50 fd 
volmne of PGR amplificationsolution was added direcUy to each tube contai^^ 
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boundDNA. The PGR solution was as described in Exaniple 2 above 
which are given below. Whole blood, bone maiiow. saUva, buccal cells. A m«^^ 
tissue, and K562 cells weie an^lified using primeis specific to glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) gene sequences given in the mRNA Capture Kit (United States 
Biochemical Coiporation. Cleveland. OH). n»e amplification program used to amplify 
GAPDH was 30 cycles of 94»C for 1 minute. 55'C for 1 minute, and 72»C for 1 minute. 
DNA samples fiom whole blood were also tested for the presence of extrachromosomal DNA 
by using die mitochondrial primers MT- 1 and m-2 described by Wmg etoL, BioT^hmgues 
17. 76-82 (1994) and the amplification program described above for GAPDH. Alfalfa and K 
coUDNA samples were tested by using primeis specific for 16s-like ribosomal DNA 
described by Schmidt et al., BioTechniques. jj. 176-177(1991). The amplification program 
was 30 cycles of 94-C for 1 minute. 50»C for 1 minute and 72»C for 2 minutes. After 

amplification. 10/^1 of tiie 50 |.l reaction were analyzed by agarose gel electrophoresis as 
described in Example 2. 

The results showed that each sample gave the expected ampUfication product 
indicating the presence of substantiaUy pure DNA. Amplification of DNA purified from 
whole blood, bone marrow, saUva. buccal cells, A melanogaster and K562 cells gave an 
amplification product of about 300 base pairs for GAPDH. Also amplification of DNA 
purified fiom whole blood gave an amplification product of about 394 base pairs using 
primers specific for mitochondrial DNA; tius showed tiutt cxtrachromosal DNA was retained 
on die soUd support disk. From alfalfa and £ coff DNA. an amplification product of about 
400 base pairs was observed, derived fiom 1 6s-like ribosomal DNA amplification. 

Buccal Swa h SampW 

To test both wet and diy samples of whole blood and buccal swabs, tiuee 

samples of each type werccoBected fiom three individuals, givingaiotal of 12sanq,lw^^ Fbr 
Kquid whole blood samples, a volume of 25 Ad was pipetted onto an 8 mm diameter disk of 
S&S 903 conection paper that had been placed into the insert of a 2 ml spin tube (Spin-X. 
Catalog No. 9424. Coming Costar. Cambridge. MA). Fbr diy whole blood samples, an 8 mm 
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disk was punched fioma300;d dried blood spot and inserted 

tube. Buccal swabs v«;rcobtained by swabbingtheinnercheeksurface 20^ 

steriIecotton-tippedswab(Pur.Wraps^HardwoodPr^ lliecottonend 

of the swab was cut off and placed into the inseit of a 2 ml spin tube within two hours of 
coUectionforthewetsainplesandafterdr,ing24hoursforthedrysamples. Topurifythe 
samples. 200 /zl DNA purifying nagent (GENERATION* DNA PurificaUon Solution. Centra 
Systems. Inc.. Mimieapolis. MN) were pipetted into each insert and incubated 1 minute for 
wetsamplesand 15 minutesfordry samples. The DNA purifying reagent was removed by 
centrifugation at 15.000 x g for 10 seconds to collect the eluted unpurities in the 2 ml spin 

tube. Asecondand third wash withDNApurifyingreagentwasperformedinthesame way 
for a total of three washes. To elute the purified DNA bound to the solid support, each insert 
wasttansfencdtoaclean2mlreceivertobe. TTien 100 M DNA Eluting Reagent were 
pipetted into the insert containing the soUd support and heated for 1 5 minutes at SO^C in a 
dry block heater (e.g., VWR Scientific Products Catalog No. 13259^ fitted with an 
aluminium block containing 12 mm diameter wells. The DNA Eluting Reagent contained 10 
mMTris. 1 mMNaOHandO.1 mMEDTA.pH 10.9. After heatiryj. each sarnple was 
centrifiiged for 20 seconds at 15.000 x g to collect the purified DNA. 

To evaluate the purified DNA samples in an amplification assay, a 5 |d aliquot 
wastestedfiomeachsample. The amplification procedure described in Example 2 was used. 

A factor V amplification product of about 223 base pairs was observed for 
each of the 12 samples. The r^^ults showed that the solid phase purification method gave 
substantially pure DNA fiom both wet and dry blood and buccal cdl samples using cellulose 
coUectton paper and cotton swabs for the solid supports. 

Example 5. PnriT^n^ of DNA In Whole Blond .nH r„H„^ „ 

A cartridge was constructed using a standard 1 ml polypropylene syringe 
(Catalog Nmnber 309602. Beckton Dickinson. Ranklin Lakes. NJ) into which was inserted a 
sohdsupport. ThesoKdsupportwascomprisedofcelluloseacetate(Filt,ona«.American 
Filt,ona.Richmond.VA)ofdimensionsabout5mmdiameterx27mmlong. TT^solid 
support had been treated previously with 500^Lysing Reagent and RNaseAandaUow^ 
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diy at room tempeiatiiie for 24 hours. The Lysing Reagent contained 0.5% SDS. 0. 1 M Tris, 
0.1 M EDTA to which was added 0.04 mg/ml RNase A (about 100 units RNase A per mg). 
Two whole blood samples and two K562 cultured cells samples each containing about 2 
million cells in a 300 Ad volume were each pipetted into a cartridge supported in a vertical 
position. After incubating for 15 minutes at room temperature to allow the cells to lyse and 
the RNase to digest RNA present in the samples, a 300 nl volume of DNA purifying reagent 
(GENERATION* DNA Purification Solution. Centra Systems. Inc.. Minneapolis. MN) was 
introduced via 2.5 mm i.d. sUicon tubing using a 60 rpm peristaltic pump (Catalog No. 
MC13003. Markson Science, HiUsboro, OR). After a 1 minute incubation, air was pumped 
through the cartridge to expel die cartridge contents into a waste container. Then, a second 
300 Ml volume of DNA purification reagent was pumped into the cartridge and incubated 1 
minute. This washing step was repeated once more for a total of three washes with DNA 
purifying reagent. The solid support in the cartridge was rinsed by pumping 300 /zl of DNA 
Huting Reagent through it To remove the purified DNA ftom the solid support. 300 of 
DNA Huting Reagent was pumped iiito die cartridge. The cartridge was plugged at both 
ends andincubatedat60»Cfor30minutesinagnivityconvectioii oven. Alternately. an 
appropriate microwave oven may be used. TTie cartridge may be heated for 25 minutes at 
30% power in a 1 100 W Sharp microwave oven. Then the DNA Quting Reagent, which 
contained die purified DNA, was pumped out of the cartridge and into a 1 .5 ml 
microcentrifiigetube. Alternately, the DNA eluting reagent can be heated to a temperature 
greato- than 60°C and then punqied onto the cartridge. 

To evaluate die purified DNA sanq)les in an amplification assay, a 5 /il aUquot 
was tested fiom each sample. The amplification procedure described in Example 2 was used. 

A factor V amplification product of about 223 base pairs was observed for 
each ofthe 4 samples. *n»e results showed that the solid phase purification method in a 
cartridge format gave substantiaUy pure DNA from both whole blood or cultured ceU 



wo 99/39009 



32 



PCTAJS99/02189 



Example 6. Purification and Restriction Enzvme Digestion of DNA Bound To A Snlid 

SUDDOrt 

To further test the quaUty of DNA purified using a DNA purifying reagent 
(GENERATION* DNA Purification Solution. Centra Systems. Inc.. Minneapolis, MN) while 
bound to a soUd support, seven restriction enzymes were used to test their abiUty to digest the 
purified DNA. A volume of 300 ^d whole blood ftom a single individual was pipetted onto 
S&S 903 paper and dried at room tenq>erature. Then seven 5 mm diameter disks were 
punched out and each placed into a 0.6 ml tube. A volume of 200 /A DNA purifying reagent 
was added to each tube and incubated for 15 minutes. After pipetting up and down three 
times to mix. the DNA purifying reagent was discarded. This washing procedure was 
repeated twice for a total of three washes. During this thiee-step washing procedure, 
impurities were selectively removed leaving the purified DNA bound to the disk. A volume 
of 200 Ad 100% isopropanol (2-propanol) was pipetted onto each disk, incubated for 1 minute 
and then removed. This was repeated once for a total of two alcohol rinses. The disks 
containing the purified DNA were allowed to dry at room tempetatme for two hours. 

To test the qualiQr of the DNA bound to each disk, a 25 ^1 volume of 
restriction enzyme solution was added direcUy to each tube. Each restriction enzyme solution 
contained the appropriate buffer supplied by the manufacturer (New England Biolabs. 
Beverly, MA) and 2.5 mM spermidine (Sigma Chemical Company). The foUowing enzymes 
were tested with the units added to each reaction specified: ft/I (12 units), Hind m (20 
units), Eco RI (20 units). Msp I (20 units). Aim HI (20 units). Hpa I (5 units), and Hae M (10 
units). The samples were digested at 37-C for 4 hours during which time the digested DNA 
fragments were released bom the soUd support into the digestion solution. To coUect the 
restriction fragments, each sample tube was pierced with a 27 gauge needle and placed into a 
clean 0.6 ml tube. The digestion solution was coUected by centrifiiging at 2.000 x g for 2 
minutes. To determine whether tiie purified DNA was digested, a 20 /d volume was removed 
from each sample and electrophoresed through a 1% agarose gel for 12 hours at 22 volts. 

The results showed tiie presence of a characteristic smear of DNA restriction 
fragments, ranging from high to low molecular weight for each of die seven enzymes tested. 
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This demonstnited that the DNA samples weie substantiaUy puie and suitable for restriction 
enzyme digestion. 

EvalnnLflim nf Betenwaite « n SolM &ip|pftirt Traaibnii«i..f 
Different detergents were tested to determine the best type of detergent needed 
to optimize DNA yields. The following types of detergents were tested: 

Sodium Dodecyl Sulfate (SDS) 
Saricosyl 

CATIONIC Dodecyltiimethjdam-monium bromide 

NONIONIC Tween-20 

Triton X-100 

Controls were set up with no detergent and with no added sample. 
Each of the polysulfone solid supports used had a circumference of 2531 mm 
and a height of 9.73 mm (Filtrona* Lot # 18475. American Filtrona. Richmond. VA). A 

volume of 360 /4 of a 1 % drtergent solution was applied to each soUd support to saturate 
roomtemperatureforatleastiehours. Duplicate soUd supports were prepared for each 
treatment The soUd supports were placed into the insert of a 2 ml spin tube (Spin-X. Catalog 
No.9424.ComingCostar.Cambridge,MA). A whole blood sample containing about 2 
milUon cells in 300 Ml was ^lied to each solid si^port and aUowed to incubate for at least 1 
minute at room temperature to aUow the cells to lyse. A 200^*1 volume of DNA purifying 
reagent (GENERATION* DNA Purification Solution. Centra Systems, Inc., Minneapolis. 
MN) was then added. After a 1 mimite incubation, the DNA purifying reagent was removed 
by centrifogation at 15.000 x g for 10 seconds to coUect impurities in the 2 ml collection tube. 
This was repeated twice for a total of 3 washes. The waste solution was removed ftom the 
receiving tube in between the second and the third wash. The solid support was then rinsed 
by adding 200 /zl of DNA Huting Reagent (1 mM Tris. 0.001 mM EDTA. 5mM NaOH) and 
centrifuging at 15.000 x g for 10 seconds. To remove the purified DNA fiom the support, the 
insert containing the solid support was transferred to a clean receiver tube and 200/4 of DNA 
Eluting Reagent was added to it. The soKd support was then incubated at WTC for 10 
minutes inadry block heater (e.^.,VWR Scientific Products Catalog No. 1325W)07) and the 
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DNA muting Reagent which contained the purified DNA. was removed by centrifugation at 
15,000 X g for 20 secMids. 

Genomic DNA 3deld8 and PGR amplification yields were measured to evaluate 
the purified DNA. To detennine relative genomic DNA yields, a volume of 10 (A purified 
DNA was mixed widi 1 (A lOX standard tracking dye and loaded into a 0.7% agarose gel 
containing 0.125 /Kg/ml ediidium bromide in the gel and naming buffer. The DNA was 
electrophoresed for 15 minutes at 80 vohs and the bands examined visuaUy for band intensity 
on a UV transilluminator. 

The PGR amplification assays was conducted by adding 2.5 id purified DNA 
sample direcUy to a 22.5 PGR amplification mix for a total aiiq)lification volume of 25 ^1. 
Each amplification reaction contained IX amplification buffer (Promega, JVIadison, WI), 1.5 
mM MgCl2. 200 m each deoxynucleotide. 1.25 units Taq DNA Polymerase (Promega. 
Madison, WI), and 1 fiM each primer. Primers were sequences specific to the human 
betaglobin gene: sense 5' CCT-GGC-TCA-CCr-GGA-CAA-CCT-CAA 3' (SEQ ID NO:3) 
and antisense 5'TAG-CCA-CAC-CAG-CCA-CCA-CTr-TCT 3* (SEQ ID NO:4). Hie 
samples were amplified using 35 cycles of 94»C for 1 minute, 70«C for 1 minute, and 72"C 
for 2 minutes. Then 10 fxl of the amplified DNA were loaded into a2% agarose gel 
containing 0.125 Mg/wl ethidium bromide in the gel and nmning buffer. The samples were 
electrophoresed at 80 volts for 45 mmutes and the 1.1 kb DNA bands were visualized on a 
UV transillummator. The deteigents were evaluated by visual ranking of the band intensity 
for both genomic and amplified DNA as shown in Table 2. 

TABLE 2 







GracmaicDNAYDdld 


IPCRYidd 


1 AnioKiik 


Sodium Dodecyl Sulfate (SDS) 


4 


3 




Saikosy] 


3 


2 


Catioiiic 


DodecyltrimethylaroiDoiuum bromide 


2 


1 


Nonkmk 


Twecn-20 


1 


1 




Triton X-100 


1 


1 


No 




1 


1 
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Non-ionic deteigents siiowed no substantial improvement in DNA yield over the controls. 
The cationic deteigent used showed approximately a two fold increase in genomic DNA 
yield. The two anionic deteisents gave the best yield for genomic and amplified DNA. 

^"P'*^"- Effects of NaOH concentrati on. Detergent Type and Solid Snpp nr* 
Daisitv on DNA AmnBBgatinn 

The effects of NaOH concentration and detergent type, whether anionic or 
2witterionic, were examined with two soUd support densities. Four solutions were prepared 
containing 0 or 5 mM NaOH and 1% sodium dodecyl sulfate or 1% CHAPS. CHAPS is a 
commeiciaUy available zwitterionic detergent A volume of 360 a^I of each of diese solutions 
was added to the sotid supports as described in Example 7. The two polyolefin solid support 
densities examined were 0.113 grams fibers/cc Oow density) and 0.184 grams fibers/cc (high 
density) (Filtrona». American Fdtrona. Richmond. VA). A 300 ^1 whole blood sample was 
added to each solid support, washed and eluted as described in Example 7, except using a 150 
fA volume of DNA purifying reagent (GENERATION* DNA Purification Solution, Centra 
Systems, Inc., Minneapolis. MN). The purified DNA was analyzed by PGR amplification and 
UV spectrophotometry. The PCR protocol used was identical to that described in Example 7. 
Genomic DNA yields were examined by UV spectrophotometry and by 0.7% agarose gel 
electrophoresis. To quantitate DNA by UV spectrophotometry. 50 ^^l of purified DNA was 
first added to 950 ^Ideionized water. The UVabsoibance was ften measured at wavelengths 
of 320 (background) nm. 260 nrn and 280 nm. The yield was calculated as Ajg, x 50 x 
dilution factor x elation volume. 

The results showed diat there was no detectable difference in DNA yields for 
solid support treatments canied out using no NaOH and 5 mM NaOH. There was a 2.8 fold 
increase inDNA yields usmgSDSoverCHAPS. A 75% increase using the high density soKd 
suppon ova (be low density solid support was (4)served. 
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Effects of CiMJating Agents. Salt s and Deterp ^,* ^ on SoUd Sunnnrt 

Treatment 

To deteimine the effects of chelating agents, salts and deteigents on solid 
support treatment, the polyolefin soUd supports were treated with 8 solutions containing 0^% 
or 2.0% sodium dodecyl sulfate, 0 or 50 mM EDTA. and 0 or 100 mM NaCI. A 200 
whole blood sample was added to each solid support, washed, and eluted as described in 
Example 7. The purified DNA was coUected and the genomic DNA yield examined by UV 
spectrophotometiy as described m Example 8. The relative yields were further visualized by 
agarose gel electrophoresing the purified DNA samples on a 0.7% agarose gel. as described in 
Example 7. No differences in DNA yields were observed between 0 and 50 mM NaQ. 
Similarly, no differences in DNA yields were observed between 0 and 50 mM EDTA. 
However, tfiere was a 3 fold improvement in the yield when 0.5% SDS was used as compared 
to2%SDS. 

Example 10. Determination of the Optimal Anionic IW^rp ^ gt Concentration 

Optimal anionic detergent concentrations were estunated by treating the 
polyolefin solid support with solutions of sodium dodecyl sulfete (SDS) rangmg fiom 0.2 - 
1.6%. Solid supports were treated with 8 solutions containing 0.2. 0.4, 0.6, 0.8. 1.0, 1.2, 1.4, 
1.6% SDS as described in Example 7. A 200^^1 whole blood sample was added to each solid 
support. washed.andelutedasdescribedinExample7. The purified DNA was coUected, and 
the genomic DNA yield visualized by agarose gel electn)phoreses as described in Example 7. 

Visual estimation of the band intensity on the 0.7% agan>se gel showed that aU 
concentrations of SDS showed good genomic DNA yields although the two highest yields 
WMB observed at SDS concentrations of 1.0 and 1.2%. 

! and Temneinto re on DNA janMnn 
The effect of time and temperature on DNA yidd was tested using polyolefin 
soUd supports as described in Example 7. DNA fiom 200^ blood samples was pmified 
using two 400 Ml washes with DNA purification reagent (GENERATTON* DNA Purification 
Solution, Centra Systems, Inc., Minneapolis. MN) and one wash with DNA Eluting Reagent. 
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After adding another volume of 200 DN A Huting Reagent, the samples weie incubated for 
10 minutes at four elution temperatures in a dry block heater (e.g. , VWR Scientific Products 
CatalogNo. 13259^. The average ofthice samples for each of the incubation 
traoperatures is given in Table 3. 

TABLE 3 



1 TanDeratnre f'O 


DNA Yield fi/ff) 1 


24 


0.0 1 


60 


0.8 1 


80 


1.5 1 


100 


6.9 1 



AnincubationtempenitureoflOO-CgavethehighestDNA yield. Additional 
tests at 120'C do not indicate a substantial improvement. 

The effect of incubation time at 99»C during the ehition step was examined 

using a second whole blood sample. The same purification protocol described above was 
followed except that a different diy block heater (Robbins Scientific. TmTemp™, Sunnyvale. 
CA) was used. Results are shown in Table 4. 



TABLE 4 



1 Time (minutes) 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 1 


IdNA Yield fi/rt 


0 


0 


0 


0.8 


1.0 


2.7 


3.0 


2.6 


4.3 


4^1 



An incubation time of at least 9 minutes at 99»C was found to give the 
optimum DNAyidd. 



EMmpiel2. Design of V««Hs to enntoin fh ^ Solid Snnnnrt 

A cartridge was constracled using a standard 1 ml polypropylene syringe 
(Catalog Number 309602. Beckton Dickinson. Franklin Lakes. NJ) into which was inserted a 
solidsupport ThesolidsupportwascomprisedofceUuloseacetate(FUtrona» American 
Filtrona. Richmond, VA) of dimensions about 5 mm diameter x 27 mm long. 
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In a second design, tfw cartridge is equipped with two inlet ports at the top. 
One inlet. Hit sample port, is used for the plication of die biological saaq>le to die solid 
siq>pQrt An optional feature on die saiiq>le port is a sdf-sealing mechanism that seals the 
sanq>le port o£faftersaaq>le has beoi transferred through it. The second inlet s«ves as a 
reagmt port An optional feature on both inlet prats is a protective breakaway seal. At die 
bottmn of die solid supp(»t is an optional difiuser widi a pore size suitable for die passage of 
cellular debris, proteins and lipid molecules. The difiuser allows for an equitable dispersal of 
biological matraial across the cross section of die cartridge, and prevents unequal buildup of 
biological matoial anywhere below die soUd support The oudet of die cartridge comes 
equipped widi a protective cap. The purified DNA is coUected in a coUection tube diat 
consists of a 0.5 ml conical tube widi a sn^ cap for easy and contamination ftee storage. 

In another vessel design, a spin tube (Spin-X, Coming Costar No. 9424, 
Cambridge, MA) was used widi an insert into which was placed a solid support The solid 
support used was a polyolefin plug (American FUtrona, Richmond, VA) which was placed 
into die insert. The insert consists of a flanged top to hold it in die spin tube and a perforated 
bottom to allow fluids to pass dirough while supporting die solid support A cap tedmed to 
die spin tube was used to cover die insert. An example of a commercial^ available sfun tube 
is given in Example 1. The biological material passes dirough die perfontted bottom and is 
collected at die bottom of die spin tobe. When used, die biological material is appUed to die 
solid suRwrt The requisite volume of rea^it, whedia DNA purifying rea^t or DNA 
Eluting Reagent is dioi added to die solid support The spin tube is di«i placed ma 
centrifuge and subjected to cmtiifugid forces diat draw out die biological material, die 
purifying reagent and die purified DNA dirough die solid support during die purification 
inocess. 

]?wii|iifffj«13. Testing the use of Ptolvolrfin .<i olid Smmnnte fg a 96.v,di IPIate Syrf^ 

To test die efficacy of DNA purification in a high tfiroughput system, 
hydn)phiUc polyolefin soUd supports (R-18495, American Rlttona Company, Richmond, 
VA) were inserted into wells in a 96-weU phtte widi a weU capacity of 800 /zl (Unifilter plate 
manufactured widiout a filter by Polyfiltronics, Rockland, MA). The soUd supports wens 
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cylindrical in Size and had a circuinf^^ 

aforementioned 96.well sample processing plate was placed on top of another 96 weU plate 
with a 2 ml well capacity which served as a waste coUection plate. A volume of 100 //I 

wholebloodwasappliedtoeachsoUdsupportandaUowedtoincubatpforlminute. The 
solid supports were then subsequently washed twice by adding a volume of 200 fd DNA 
puri^g reagent (GENERATION^ DNA Purification Solution. Centra Systems. Inc., 
MimieapoBs. MN) to the well and mcubating fori minute. The waste material was ' 
subsequenfly removed by centrifuging for 1 minute at 1500 x gin a JouanC412 centrifuge 
with an M4rotor fitted with a microplate carrier (Jouan, Winchester, VA). The solid 
supports were then washed with 100 DNA Eluting Reagent and centrifuged as above 
without incubation. To elute the purified DNA from tiie washed solid supports, the 
processing plate was transferred to a clean standard polystyrene 96-wdl plate ami a volmne of 
lOO^dofDNAElutingReagentwasaddedtoeachweU. The stacked processing plate and 
sample coUection plate were placed into a convection oven (BioOven I. SL John's Associates 
BeltsviUe. MD) set at 80-C and incubated for 30 minutes. The DNA was subsequently duted' 
fiom the solid support by centrifugation at 1500 x g for 1 mmute. Eight 10 san^fe eluales 
were analyzed for tiie presence of DNA by electrophoreses m a 1 % agarose gd forl5 

minutes at 80 volts. Each of ti« eight samples contamed DNA as visualized by examination 
on a UV transilluminator. 



^'^P'g^' The Effeci «f ♦ renting a SnlM Snimort wirt. Wi^^ a 

A 300 AiL volume of Lysing Reagent (0 J% SDS. 0. 1 M Tris base. 0.1 M 
EDTA disodium salt) was appUed to a cellulose acetate soUd siqjport (American KItiona, 
Richmond. VA) and aUowedtodryatroom temperature. A second solid support was treated 
with Lystog Reagent which also contained 0.04 mgAnl RNase A (at 4 mg/ml fiom Centra 
Systems.Inc..Minneapolis.MN)andallowedtodryatioomtemperature. The solid supports 
hadadiameterof8mmandalengthof6.75mm. THe two treated soHd supports were flien 
placed into the insert of a spin tube (as described in Example 8). and a volume of 1 50 ^ ofE 
coU overnight bacterial culture added direcfly to each solid support E. coli bacterial cultures 
contam large amounts of RNA and serve as a useful model to test die efficacy of immobilized 
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RNADigestingEnzynie. The samples w«« then incubated at 37<t: for 12 minutes to enable 
RNAdigestion. They were subsequently washed three times with a volume of 150^1 DNA 
purifying reagent (GENERATION* DNA Purification Reagent, Centra Systems. Inc.. 
Minneapolis. MN). Then 150 /dofBasicEluting Reagent (10 mMTris. 0.1 MEDTAand 1 
mMNaOH)wasaddedtothesolidsupportfor20minutesatroomtemperature. Thenucleic 
adds were eluled by centrifiiging for 10 seconds at 15.000 x g. A volume of 10 ^1 was 
analyzed for the presence of DNA by electrophoreses through a 1 % agarose gel for 60 
mmutes at 80 V. Examimition of the gel on a UV transUluminator showed clearly the 
presence of a prominent low molecular weight smear (approximately 0.1 - 1.4 kb) 
corresponding to RNA in the sample purified using the solid support with the soUd support 
treated with Lysing Reagent In contrast, the sample purified with the Lysing Reagent plus 
RNase lacked the low molecular weight RNA smear showing that the presence of RNase was 
effective in removing contaminating RNA. 

^SifiiSi^ PNA Elating Reagent Ontimfa^^ln,^ fo, pNA Ampy i«^«i^|, 

The eluting reagent was optunized so as to offer dje best DNA yields from the 
soUd support and produce high PCR yieWs without interfering with die PGR bufiering 
system. Optimal concentrations of base, either NaOH or KOH.Tris buffer and chdating 
agem (EDTA) were tested on DNA amplification yields using PGR. 

Conditions were tested by addmg a 25 /d bkxxl sample to a ceUulose solid 
supportcontainedinaspintube. The cellulose soUd support was subsequently washed 3 
times with 200 Ml DNA purifying reagent (GENERATION* DNA Purification Solution. 

Centra Systems. Inc.. Mimieapolis.MN) and 2 times with DNA Eluting Reagent Tlie 
samples were all treated identically except for the concentration of base in fl« DNA Eluting 

Reagent Concentrations of 1-8 mM NaOH in Uie DNA Huting Reagent were tested. 

A TaqMan 7700 (Quantitative PGR system, using a 6-actin amplification target 
was tised for DNA amplification, as per die manufacturer's recommendation (Perkin Ehner 
Applied Biosystems Division. Foster City. CA). To test for amplification inhibition, a 
dilution series was prepared for each test sample and the starting quantity of DNA computed 
foreach. AU test samples were compared to tiie DNA sample at tiie highest dUution since 
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inhibitois wotdd also be maximal^ diluted at the highest dilution, ff a diluted DNA test 
sample gave a similar yield to the DNA sample at maximum dUution, (after adjusting by the 
dUutimi factcn), thra no anq>liflcation inhibition m that test sample was assumed. 

The best PGR yields were obtained at 5-8 mM NaOH. Similar experiments 
with KOH showed no difGnences in PGR yields using NaOH or KOH. 

Tris buffer concentrations and concentrations of EDTA were tested to 
detomine which concentrations optimized high PGR yields and low amplification inhibition. 
» was observed that lowering the concentration of Tris buffer fiom 1 mM to 0.1 mM, and 
lowering the concentration of EDTA from 0. 1 mM to 0.001 mM significanfly reduced 
amplification inhibition. 

E«amDle 16. OnHintrntinn i of Wash and Eaution Pmr«^iir«Ki 

Various combinations of wash and elution procedures were tested to detetmme 
which combination provided optimal DNA yields and low % amplification inhibition usmg a 

TaqMan 7700 Quantitative PGR Instrumentation. The PGR procedures are as described in 
Exanq>le 4. 

A volume of 25 pi of blood was appHed to a cellulose soUd support contained 
m a spm tiibe (Spin-X, Goming Gostar No. 9424, Gambridge, MA) and aUowed to absorb for 
5 minutes. Each wash with a DNA purifying reagent (GENERATION* DNA Purification 
Solution, Centra Systems, Inc., Minneqiolis. MN) took 2 minutes. DNA Elution Reagent is 
appHed to die solid support for 20 minutes at 80^. Various purification and elution 

procedures were tested mcluding the ones listed below. Each procedure was tested in 
triplicate. 

(1) 3 X 150 /dNA purifying reagent + 1 x 150^4 DNA Eluting Reagent 

(2) 4 X 200 /il NA purifying reagent + 1 x 200 DNA Huting Reagem 

(3) 3 x 200 A^INA purifying reagent + 2 x 200^*1 DNA Huting Reagent 
Results are shown in Table 5. 

TABLE 5 

I Human 6-Actin DNA Yield (A<g) j 
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1 Proceduie(l) 


0.509 1 


1 Procedure (2) 


1.09 1 


H Procedure f3) 


1.09 1 



Both Procedures (2) and (3) gave good purity and yields, 

17. Optimization of Solid SunpArt Treatmpntc 

CeUulose soUd supports were treated with Lysing Reagents having difieient 
compositions for comparison to the untreated solid support The fim composition was 
conqK^ed of 0.5% SDS. 0.1 M Tris and 0.1 mM EDTA, while the second composition was 
composed ofl%SDS.10mMTrisand 0.1 mMEDTA. CeUulose paper was inserted into a 
spin tube (Spin-X. Coming Costar No. 9424. Cambriilge. MA) and tieated with the two 
aforementioned compositions. The treated ceUulose papers weie then allowed to dry for at 
least 16 hours at room temperature. Untreated cellulose paper was also used as a coiiq>arison 
to the treated samples. A volume of 25^1 of blood was applied to each ceUulose solid 
support and allowed to incubate for 5 minutes. An optimal purification procedure 
incorporating 3 washes with a DNA puriiying reagent (GENERATION* DNA Purification 
Solution. Gentra Systems. Inc., MinneapoUs. MN) and 2 washes with DNA Ehiting Reagent 
wasconducted. The DNA was coUected and analyzed using TaqMan 7700 Quantitative PGR 
Instrumentation, where a B-actin ampUfication target was used for DNA amplification, as per 
the manufiK:turer's recommendation (Peridn Elmer. Applied Biosystems Division. Fbster 
aiy.CA). 

Thetreatmentwithl%SDSgavethebestDNA yields. Thercwereno 
significant detectable diferences in DNA yield and % amplification when the level of SDS 

wasreducedto0.5%fioml.0%. However, the absence of SDS reduced DNA yields by over 
50% and increased inhiUtion from 10% to ov» 40%. 

toBBklS. Analysis of nNA P..rtfication. M^c^ ^entof niVA P..rt*y 

A sample of whole blood was drawn into a vacutainer tube containing EDTA 
(B-D16852. Becton Diclcinson & Co.. Franklin Lakes. NJ) and mixed well. A smaU aUquot 
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Of Whole blood was removed and the total number of white cells counted on a CBC5 Cell 
Counter(CoullerElectmnics.Hideah.FL)accordingtothem^^^ This 
wasdetenninedtobe7^xlO«ceUs/mL The remainder of the blood was then ftozen at - 
80«C m 1 ml aUquots untU needed for further purification. 

Frozen blood was thawed rapidly in a 37 »C water bath and kept on ice untU 

use. Scven200AdsampIesofbloodweieaIiquotedandaddedtoeachofseven2mIspin 
tubes (Spin-X. Catalog No. 9424. Coming Costar. Cambridge. MA) containing a lysing 

inatrixhousedinaninsert.andawasteconectiontube. The lysing matrix comprised of a 
cyhndrical polyolefin soHd support matrix with a diameter of 8 mm. and a height of 8 mm 
(nitrona»CatalogNo.l8475.AmericanRltn>na,Richmond.VA). m polyolefin soUd 
support matrix had been previously saturated with a solution containing 1% SDS and 20 
Mgfai RNase A and was subsequently dried. 

After the samples were aUowed to absori, to the matrix for at least 1 minute 
400 ^ DNA purifying reagent (GENERATION* DNA Purification Solution. Centra 
Systems. Inc.. Mimieapolis. MN) were added to the sample and aUowed to incubate for 1 
mmute at ,00m temperature, ^purities weie coUected in the 2 ml spm tube by centrifi,gii« 
thespintubeatl2,000xgforl0minutes. The insert containing the solid support was 
transferred to a second spin tube and the fim spin tube was discaided. Anofl«r400MDNA 
purifying leagent was added to the solid support, incubated for 1 mmute at room tempeiatme 

and the spin tubecentrifuged at 12.000xgfor lOminutes. A200,d volume of DNAHuting 
Reagentwasaddedtothesolidsupportandcentrifugedwithoutincubation. Eachsolid 

support containing the purified DNA was then tnmsfeiiedtoaclean2ml spin tube »^ 
/zIDNAElutingReagentadded. TTk. tubes weie incubated forlO minutes at 99-C and the 
inmfiedDNAwasdu.edftomthesolidsupportbycentrifi^atl2.000xgfor2^ 
Impurities such as heme arc a major contaminant in DNA purification 
piocessesinvolvingblood. presence of heme can be determined using an automated 
EI3nMicroplateReader(Bio.Tekfcstrm«mts.lnc..Win«^^ Samples were dUuted 
I:50indeionizedwateranda200;.lvolumeplacedina96-wellplate. n,e absori,ance was 
measurcdat405mn. K the absorbance at 405 mn is less than 0.01 nm. the purity of the 
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sainpk is established. The average viable absoiption at 405 nm was 0.004 for the seven 
samples, mdicatmg a hi^ degree of purity. 

Another estimate of DNA purity is the absoAance ratio at 260 nm and 280 
nm. A^A^. If the value of dm ratio is betweenl.7 - 2.0. the sample is considered 

lelativelyfieeofproteinsandothercontaminants. This ratio is calculated as foUows: 

(Aaso - Ajj^ / - A3J0) 

The average A«/A«, ratio for the seven samples was found to be 1 .95, which 
indicates substantialty pure DNA. 

&By!m!U2. Analysis of DNAPnrifirafion.M«.^^n.^...nM. ^^^^^^^ 
Yield. " 

The seven purified samples ftomexanqjle 18 were further analyzed for 
concentration and yield. A 1:50 dilution of each sample was prepared in deionized water 
alongwithablankcontainingDNAEluting Reagent Absorbances at 320 mn (background) 

260 mn. and 280 mn were read using a Bcckman DU64 Spectrophotometer (Beckman 
Instruments. Inc.. Fullerton. CA). The DNA concentration was calcubted as follows: 

(A2« - A320) X 50 (DNA Extinction Coefficient) X 50 (Dflution Factor) 
The average for ti»e seven sanq>les was found to be 41 /xgAnl. Tliis 
concentration was ti.en multiplied by tin. volume of ti« sample (200 ;d) to give an average 
yield of 8.2 ng for each of tiie seven samples. 

The tiieoietical maximmn yield was determined fiom tiie white ceU count 
assumingtiiateachhmnandiploidceUhas6pgDNA. Therefore, based on the following 
caknUation, a tiieoretical maximum yieW of 8.7 //g DNA is obtained 

(7.25 X 10« cells/ml) X (0.2 ml) X (6 x 10* ^^g) = 8.7 ^ig 

To calculate the percente^ge yield, the average yield of 8 .2 ^g DNA was 

dividedbythetheoieticalmaxnnumyieldof8.7^g. This cakuhtion resulted in a percentage 
yield of 94%. ^ 

FbUowing quantitation, tiie DNA concentration may be adjusted by dUution or 
concenlrationasneeded. » the DNA is too concentrated, it may be diluted in a diluent such 
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as deioDized water. If the I»^ A is too dUute, it may be concentrated by using a standaid 
alcohol salt pieciiHtation m^od. Jn this metfiod. sodium chloride is added to 100 mM with 
two vohmies (relative to DNA sample volume) of 100% ethanol. The sample is mixed by 
inverting the tube and is centrifiiged at 15.000 x gfor 5 minutes to peUet out the DNA. The 
DNA peUet is wa^ by adding 3 volumes of 70% ethanoi. inverting the tube and 
centrifuging at 15,000 x g for 1 minute. After discarding the supernatant, the pellet is 
allowed to air dry for 15 minutes. Then a hydration solution such as deionized water is added 
to prepare the desired, more concentrated solution. 

However, no concentration adjustment of these sauries was needed prior to 
PCR amplification. 

RvmnmU W. AnalTOSs of PNA Size 

DNA size for each of the sevMi samples of Exanq)le 18 was detennined 1^ 
conq)arison to the 23. 1 kb band of lambda DNA digested with Hind M. A volume of 10 a*1 
fiom each of the seven 200 /A DNA samples was mixed with tracking dye and loaded into a 
1% agarose gel. The samples were electrophoiesed at 80 volts for 1 hour in IX TAB running 
buffer. Both gel and running bufiBsr contained 0.125 figfnd ethidium bromide so that DNA 
could be visualized on a transilluminatOT. Comparison of DNA saiiq>les with the maricer 
lanes showed that greater than 95% of the DNA exceeded the 23. 1 kb maricer indicating that 
the DNA was of substantially high molecular weight 

>2L Tcslti»igth«SHHb.htHtY^fi 
Snbsemiient Restricfliim lEinzvme BMaegtilon. 

Each of the seven sanq>les fiom Exanq)le 17 were tested to see if diey woe 
suitiible for analysis by PGR. A 2.5 ^ volume fiom each of these seven samples was added 
to a 22 J PCR aoq>lification mix for a total amplification volume of 25 fd. Each 
amplification reaction contamed IX amplification buffer (Promega, Madison, WI). 1.5 mM 
Mg a„ 200 each deoxynncleotide. 1.25 units Taq DNA Polymerase (Promega, Madison, 
WI), and 1 A<M each primer. Primers were sequences specific to a region of the HLA-H gene 
used for hereditary hemochromatosis genetic screening. 5'-TGG-CAA-GGG-TAA-ACA- 
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(SEQ ID N0:5) and S'-CTC-ACSG^IAC-TCC-TCT-CAA-Cr-a* (SEQ ID 
NO:6)(FBder«fl/.. 1995, Nature Genetics 13:399^). The samples were amplified using 
35 cycles of 94'C for 1 minute. 58'C for 1 minute, and 72»C for 1 minute. 

To determine whether the DNA samples were suitable amplification 
templates, the 7 samples were examined for both the presence and the conect size (388 bp) of 
an amplification product A volume of 10 ^4 fiom each of the 7 reactions was loaded into a 
2% agarose gel containing 0. 125 ^g/nal ediidium bromide in the gel and running buffer. ITie 
samples were electrophoresed at 80 volts for 45 minutes and the DNA bands visualized on a 
transiUuminator. Each of the 7 samples gave a large band of the expected 388 bp size 
showing that the DNA was of a purity suitable for PGR an^lification. 

The amplified DNA samples were then tested for their aWUty to be digested by 
the restriction enzyme iZsaL This enzyme is used in clinical laboratoties to detect a DNA 
point mutation associated witii the genetic disease hereditary hemochromatosis. A 10 M 

volume of tiie amplification reaction was mixed with 5 /il of the ftra I restriction enzyme mix 
containing 3.3 mg bovine serum albumin, 3 J units Jiia I. and 1 J ^ lOX restriction enzyme 
buffer (aU components from New England BioLabs. Beveiley. MA). The samples were 
incubated at 37'C for 30 minutes to allow the restriction enzyme to digest die amplified 
DNA. 

A 15 ;d reaction volume of each of tiie seven samples was electrophoresed in a 
2% agarose gel run at 85 volts for 60 minutes. EUiidium bromide was present at 0. 125 ngfal 
in tiie gel and running buffer to allow visualization of die bands on a ttansilluminator. 
Examination of the gel showed tiiat aU seven samples were cut efiBcientiy attbeHsal 
testiiction8itesuchthattiie388bpbandwasabsent In each of tiie 7 lanes, two bands were 
visible of approximate^ 250 and 140 bp in size. 

822. Restriction Bnzvme TOgast^on and .qwmh pjuii blotting Aiiaivsis of ITtMA 
mmrMiaifl lyy^w BNA IPiniir iffTOig Meagr emfts. 

DNA fiom seven 5 mm diameter dried blood spots was purified, digested and 
dectiophoresed as described in Example 6. FoUowing electrophoreses, die restriction 
fragments were tcansfened over a 7 hour period to a nylon membrane (Biotrans+™, ICN 
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Biomedicals. Inc.. Irvine. CA) by Sootfaem blotting using a transfer, solution containing 0.4 N 
NaOH and 0.6 M NaQ. The nylon blot was hybridized for 14 hours at 65'C in HYB-9* 
Hybridization Solution (Centra Systems. Inc.. Mimieapolis. MN) and then washed according 
to the manufacturer's instructions. Hie probe was prepared fiom an amplified 300 bp region 
of the glyceraldefayde 3-phospbate dehydrogenase Ub^ed with »P-labeled dCTP using a 
iandomprimingldt(Amer8hamLifeScience,Inc..AriingtonHeights,IL). Themembrane 
was placed against X-ray film (XAR5, Eastman Kodak Company. Rochester. NY) between 
two mtensifying screens at -SO'C for 14 hours. The resulting autoradiogram showed bands in 
each of the lanes corresponding to digested DN A complementaiy to GAPDH sequences in the 
genome. 

Example 23. Evaluation of Potential a^ ^*^t ^ ^ tian in a PwHTuhi*^ , 

Methftdis- 

Test materials : Whole blood (Memorial Blood Center of Minnesqwlis). 8E5 
cultured ceUs (Folk, et al.. 1986. Guenthner et al., 1998), or phosphate, 
buffered saline (PBS) were loaded on lysing matrix contained in two different 
vessel formats (Capture Plate™. Centra Systems Inc.. Mimieapolis. MN and 
Capmre Column™. Centra Systems Inc.. Mmneapolis,MN). The Capture 
Column™ consists of a lysing matrix enclosed in an insert which is placed in a 
centrifuge tube. The Capture Plate™ consists of 96 flow-thiough wells each 
enclosing a lysing matrix. The bottom of each weU has a tapered exit port 
ExperimCTftri Sg-Mp: A 200 pi sample vplume of blood or PBS was added to 
the Capture Column™ tubes or Capture Column™ wdls using aerosol 
tesistanttips. 

fiwififltfigp Metbn<t: Samples were purified by washing twice with 400/4 
DNApurifyiflgreagent. (DNA Purification Solution™. Gentta Systems Inc.. 
MimieapoUs. MN) and 1 wash with 200 ;d volume of a DNA eluting reagent 
(DNA Elution Solution Centra Systems Inc.. Minne^lis,MN). Capture 
Columns™ were centtifuged between washes for 10 seconds at 13.000 x g and 
Capmre Plates™ werecentrifugedfor3minutesat2000xg. Freshsealing 
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mm was applied to each plate between washes to prevent contamination. 
Sample elation was peifonned by adding 200 /d DNA Elution Solution™ to 
each weU. Capture Cohmms™ were heated at 99"C for 10 minutes in a block 
heater and Capture Hates™ were heated for 25 minutes at 30% power in a 
1 lOOW Shatp microwave oven. FoUowing centrifugation the eluates were 
ready for amplification. 

Amplification: A2/xl sample of each eluate was amplified to detect 
contaminating DNA in the samples without DNA (PBS). HLA-H primers 
(Feder et al, 1996) were used for experiments using blood and HIV-1 (gag) 
primers (Guenthner et al., 1998) were used for 8E5 cultured cells. The cycling 
conditions used were: 40 cycles of: 94»C for 30 seconds. 58»C for 30 
seconds, and 72«C for 30 seconds in a PE2400 or 9700 thermal cyder. 
Detectira: For gel analysis of Capture Column™ amplification products. 5 /d 
of the 25 Hi reaction were loaded onto a 2% gel and electiophoiesed at 80 
volts for 45 minutes. For gel analysis of Capture Plate™ amplification 
products, a 96-weU format minigel (2% agarose) was used at 80 volts for 5 
mmutes. For TaqMan detection on a PE7200 Sequence Detection System, 
fluorescent probes for HLA-H and HIV were syndiesized by PE AppUed 



24. Sample Collection and Mandling for DNA Pnri ficatio., n,. « SniM fi« ^r^ 

DNA is purified ftom whole blood, bone mairow. buffy coat, body fluids, 
cultured cells and solid tissue on a lysing matrix (Capture Column™, Centra Systems Inc.. 
Mimieapolis. MN). Prior to purification on the Capture Column™, samples were processed 



as follows: 



Whole Blood and Bnne Marrow 

Whole Mood and bone marrow were collected in EOTA to reduce 
DNA degradation. However, other anticoagulants such as ACD 
(dtrate) and heparin may be used successfuUy. Samples may be either 
fiesh or ftozen. However, improved yields may be observed using 



49 



PCT/US99/02189 



frozen samples. Frozen samples are stable at -80'C for at least two 

years. Before use, the samples are thawed quickly in a 37«C water 

bath and kq)toniceunta use. If the blood or bone marrow is not 

frozen, it is recommended duu it be stored at 4'C. A 200 ^1 volume of 

blood or bone marrow may be used for DNA purification. If it is 

necessaiy to purify DNA from a larger volume, a bufiy coat sample 
maybeprq>ared. 

BuffvCoat 

Whole blood was collected in EDTA to reduce DNA degradation. 
However, other anticoagulants such as ACD (citrate) and heparin may 
beusedsuccessfidly. The fresh samples were stored at 4 "C White 
blood cells were isolated rapidly using an adequate lysing reagent 
(Lysis Solution™. Centra Systems Inc.. Minneapolis. MN). 
Alternatively, buffy coat may be prepared from up to 5 ml whole blood 
by centrifiiging the saxaplc at 800 x g for 10 minutes at room 
temperature. Alternatively, the tube containing blood may be placed in 
avertical position at4»Covemighttoallowcellstosettle. Athinl^ 
of white blood cells (buffy coat) should be visible between the upper 

plasmalayerandthelowerredbloodceUlayer. The upper plasma 
layer is removed and the the buflfy coat is carefidly collected with a 
pipet,andkept onicenntause. DNA may be purified fiom up to 200 

A*l buffy coat preparation contaming a maximum of 1 0 miffion white 
blood cells. 

BodvFlniik 

(Examples mclude saUva. synovial fluid, cerebiospmal fluid, urine, 
amniotic fluid, plasma and soum.) 

Body fluid samples arc collected and stored at 4 and used as quickly 
aspossible. Alternatively, they may be stored ftozen at .80»C. For 
body fluids widi low cdl mmibers. it is preferable to concentrate 
samples by centrifugation. CeUs fiom a 3-40 ml volume of body fluid 
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were peUeted by centrifiigmg at 2,000 x g for 10 minutes. The 
supernatant was removed leaving behind 200 M to 1 ml residual fluid. 
The pellet in the residual fluid was thoroughly suspended by pipetting 

up and down 10 times and kept on ice or stored fiozen at -80»C 
5 iv. Cultured Cells 

Fresh samples and those stored frozen at ^O'C were used. The 
suspended cultured cells were collected and place on ice until use. CeU 
counts were obtained using a hemacytometer or other ceU counter. A 
200 /Jl suspension containing up to 10 million cultured cells was added 
dirccUy to the Capture Column™. 
V. Solid Tissue 

Fresh sanqjles and those stored frozen at -SOX were used. The 
samples were kept on ice at aU times to reduce DNase activity. 20 mg 
tissue was added to a 1.5 ml microfuge tube containing 30 cold 
PBS^ (preferably containing 1 mM EDTA to reduce Dnase activity) 
and was quickly homogenized with a microfuge tube pesUe. The 
sample was placed on ice to aUow ceU clumps to settle for 2 to 10 
minutes. The upper 200 fd ceU suspension was then removed 
excluding any cell clumps. 
^ vi. Gram-nftfra tive Bacterj a 

Fresh samples and those stored frozen at -SO'C were used. The 
samples were b^t on ice. 1>picaUy. an overnight culture contains 1-3 
billion ceUs per ml. However, due to the smaller genome size of 
CSram-negative bacteria, up to 3 biUion cells woe appUed to the 
column for DNA purification. The culture was centrifagsd, washed, 
resuspmded and applied to the column. 



KHjPO^, 0372 gm EDTA disodium salt dissolved in ulirapuie water, biwudit 
uptoavolumeo£l,OOOmlandautocIaved. « w«wr, raougtit 
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Emiiiip!c2S. ir)NAPiiirifira«fa. nonaLTOh.p M.«rf> 

The sainples from Example 24 were purified on a lysing matrix (Capture 
Column™ Centra Systems. Minneapolis. MN) as follows: 

i- Sample Piififi<>ari/^^ 

1. A volume of 200;zl of a weU-mixed sample was added to the 
Capture Column^ and aUowed to absorb at room temperature 
for at least 1 minute or up to 1 hour. 

2. Avolumeof400^ofaDNApuri^greagent(DNA 
Purification Solution^ CJentra Systems. MnneapoUs. MN) 
was added and aUowed to incubate for 1 minute at room 
tempoature. 

3. The Capture Column™ was centrifiiged for 10 seconds at 
2,000-12.000 xg. A waste volume of 600 Ad was colleded in 
the waste collection tube. 

4. A volume of 400 /zlDNA Purification Solution™ was added 
again to the Capture Column™ and allowed to Incubate for 1 
minute at room ten^>erature. 

5. Tbe Capture Column™ was then centrifiiged for 10 seconds at 
2.000-12,000 X g and the waste volume was collected. 

6. A volume of 200 jid DNA Elution Solution™ was then added. 
The Capture Column™ was centrifiiged as described above. 

7. The Capture Cotamn™ was transferred to a DNA collection 
tube and the waste was discarded. 

8. Avolumeof200MlDNAElutionSolution™wasaddedam! 
aUowed to incubate for 1 0 mmutes in a dry block heater pre- 
heatedto99«C. The Capture Column™ was then centrifiiged 
as previously described to release DNA fiom the lysing matrix. 

9. The purified DNA was dien ready for analysis. 
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ii- DNAStorape 

The purified DNA is stable for at least 3 months at 4»C For long teim 
storage, it can be stored at -20'C. 

WaterisoftenusedfordilutmgDNAforWspectrophotonietricanalysi^^ However, 
there can be significant variability in both the A^A^ ratio and the yield determined 
when water is used as a dUuent Commercial bufi'ers such as Tris-based or phosphate 
based bufSns may be used to overcome these problems. Consistent results are 
obtained by diluting DNA samples in TE Buffer™ (10 mM Tris, 1 1 mM EOTA pH 
8.0) (Centra Systems. MimieapoUs, MN) as described below. Additional consistency 
is obtained by using a masked quartz cuvette (e.g. , Beckman Instruments, be. Semi- 
Microcell Masked Cuvette Cat No. 533041). 

gample Preparation and TTV Sp^^^hptonw^,. A«.iy«v 

1. Purified DNA samples are gentiy vortexed for 5 seconds. 

2. DUution tubes were prepared by adding 190 //I TE Bufier™ to 
0.6 ml microfuge tubes. 

3. A blank solution was prepared by dUuting a volume of 10 fjl 
DNA muting reagent (DNA Elution Solution™. Centra 
Systems. Minneapolis. MN) wifli 190 /d TE Buflf»™ in a 0.6 
ml microfuge tube. 

4. 10/^ DNA was removed from each sample and mixed with TE 
Buffer™ to make a total volume of 200 M giving a 1:20 
dilution. 

5. The diluted samples were tiien vortexed at high speed for 5 
sec(»ds. 

6. A volume of 200 M dOuted sample was used to determine yield 
and purity using a UV spectrophotometer by determining 
absoibances at 26 nm. 280 nm and 320 nm. 
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iii- DNA Yield a nd Purity ralnilari/«.c 

1. To calculate tbe DNA concentration of each sample: (A^ 
AjaO X 50 X dUution factor {e.g., 200/10) = DNA concentration 
in fig^vBL Note: Ajjo measures background scatter. 

2. To calculate the DNA yield: DNA concentrationO/g/ml) x 
volume of Hution Solution (0.2 ml) = DNA yield (^g). 

3. To calculate DNA purity: (A,«-A«^A^-A^ = purityof the 
DNA. The Aj^mo ratio should be at least 1 .5, howevw, this 
ratio may not be an accurate measure of DNA purity (see 
references 1, 2. 3). This ratio was first used to detect nucleic 
acid contaminaUon in protein preparations and as such, is a 
poor indicator of DNA quality. DNA quality can be better 
assessed by simply analyzing the DNA by agarose gel 
electrophoresis or by evaluating performance (eg., by PGR 
anq>lification). 

27. DNA Poriificffltiinn a Flat SoBd Sunp ort 

Fresh or frozen biological samples were coUected and processed as described 
inExample24. Large sample volumes (e.g. 300 /zl)weie pipetted onto a flat soUd 
support(CoUection Cards ™,GentraSystems, Mimieapolis, MN). dried and then 
sampled bypunchingoutadiskpriorto DNA purification. Samples may be stored 

the Collection Cards at room temperature for at least 9 months or at -20 for long 
term storage. 

The following san5)les were collected and allowed to diy on the Collection 
Card in a horizontal position at room temperature for two hours. 

i Whole Blood (obtained via skin puncture or venipuncture) 

ii- Buccal Cells (epiflielial cells fiom inner cheek) 

iii. Body Fluids (saUva, urine, plasma, sermn) 

iv. Cultured Cblls 



on 
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DNA Pmrifleflrtftn 

The sainple was lemoved fiom the CoUection Caid by punchi^ 
clean hole punch, and then purified in a 96-weU plate, a 0.2 ml or 0.6 ml microfiige 
tube. The3mmdiskwasplacedinawellofa96.weUplateandtheplatewas 
positionedinaioboticwoikstation. (Alternatively, the samples may be processed 
manuaUy in a 96.weU plate using a multichannel pipet or in a 0.2 or 0.6 ml mbe using 
a micropipet). A vohmie of 200 ^1 of DNA purifying reagent (DNA Purification 
Solution. Centra Systems. Minne^lis. MN) was added and allowed to incubate for 
15 minutes at room temperature causing the DNA to remain bound to the disk while 
thecontaminantswererdeased. The solution was mixed by pipetting and then 
removed. This process was repeated twice. A volumeof 200;d 100% isopropanolor 
100% ethanol was then added and aUowed to incubate for 1 minute at room 
temperature. The alcohol was removed, and the alcohol wash repeated. ITie disk was 
then dried at room temperature for at least 1-16 hours to evaporate the alcohol After 
drying, the sample disks were light orange to white in color. The purified disks are 
stable for at least 9 months at room temperature or at -20«C for long term storage. 
DNA Amplificatinn 

1 . If the disk was purified in a 0.2 or 0.6 ml amplification tube, at least 50 
M amplification solution was added direcdy to the toibe. If the disk 
was purified in a 96-well flat bottom plate, the purified DNA sample 
disk was transferred to an amplification tube at least 50 ^d 
amplification solution was then added. The disk was completely 
submerged in the amplification solution. The sample was then 
amplified using standard conditions. 

2. The disk may be stored in amplification sohition for at least 4 months 
at room teiiq)erature. 
Re-Ose for TOM A Samnte TOA^ 

The purified DNA disks may be washed and remsed at least 5 times. 
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1. The disk is rcnwvedfiom the amplification tube and subsequei^^ 
transfened to a filter insert contained within a 2 ml receiver centrifuge 
tube.. 

2. 200 ;d DNA purifymg reagent (DNA Purification Solution. Centra 
Systems. Minneapolis. MN) is pipetted into die filter insert and 

centrifiigedatl3,000-16,000xgfor5secondstowashthedisk. This 
wash is repeated once more for a total of 2 washes. 

3. The wash solution in tbt feceiver tube is discarded and tiie washed disk 
istransfenedtoanewamplificationtube. The amplification solution 
is added and amplified as d^ribed above. 



aunid 



DNA was purified ftom five biological samples on lysing matrix disks 

(Capture Disk. Centra Systems, Mimxeapolis.MN). TliequaUtyofUje DNA was ascertained 
using PCR ain)lification. 

Biological samples were collected and prepared as foUows: human whole 
blood and bone marrow were coUected in mbes containing EOTA (Becton Dickinson No. 
6457); a bufiy coat was isolated from 0.2 ml whole blood coUected in EDTA; a 0.5 ml urine 
sediment was prepared by centiifuging a 40 ml urine sample at 800 x g for 10 minutes; and 1 
million K562 cells were suspended in 0.3 ml culmie medium. DNA was purified ftom 3 
ofeach prepared sample as described in du^foUowingsections. Each 3 mm disk containiiig 
purified DNA was amplified in a 50 ^1 reaction using primers specific of ti« HLA-Hlocus 

(usedforhereditaryhemochromatosisscreening). A 388 base pair amplification p«)duct was 
expected. 

Sample CftH ecaftm anil IHTawnTOwp 
BuffvCoatprq.y^#^^ 

Whole blood or bone marrow was collected in EDTA to reduce DNA 
degradation. However, oflier anticoagulants such as ACD (citrate) and heparin 
may be used successfiiUy. White blood cells were isolated ftom die red blood 
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cells ill the sample by using an RBC lysis reagent (PUREGENE* RBC Lysis 
Solution, Gentm Systems. Minneapolis. MN). Altanatively. the bufly coat 
may be ptepand by centiifiiging the sample at 800 x g for 1 0 minutes at room 
temperatuiB. A thin layer of white blood cells (buffy coat) should be visible 
betweentheupperplasmatoyerandthelowericdbloodcelllayer. Theupper 
plasma layer was removed and the bufify coat collected with a pipet and kept 
on ice. A 3 M suspension of bufiy coat containing at least 2.100 white blood 

cells was then added to tiie Cq)biie DisL 
Body Fluids 

Exanq>les of body fluids include saliva, synovial fluid, cerebrospinal fluid, 
urine, amniotic fluid, plasma and senim. For body fluids with low cell 
numbers, samples are concentrated by centrifugation. Cells fiom a 3-40 ml 
volmne of body fluid are peUeted by centrifuging at 800 x g for 10 minutes. 
The supematant is removed and the peUet is suspended in the lesidual fluid 
and kept on ice. 
Culftned Cells 

The number of ceUs was deteimined using a hemacytometer or other ceU 
counter. A3^ suspension contaming at least 2,100 cultured cells was added 
to the lysing matrix disk. 
Gram-nepative Bacf^ j^ 

A 3 Ml suspension contammg at least 600,000 bacterial cells was added to the 
lysmg matrix Disk. Wcally, an overnight culture of bacteria contams 1-3 
billionceUspermL Thus, the culture can be used directly, or if necessary. 



Mouse Saliva 

A mouse was restrained m a vertical position, and 3-5 M saHva was removed 
from underneath the tongue of the mouse usmg a micropipettor. 
Whole Blnn^ ryrBone Mfifmy 

Whole blood or bone manow was collected in EOTA to reduce DN A 
degradation. However, other anticoagulants such as ACD (citrate) and heparin 
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may be used successfuUy. A 3 |d volume of blood or bone marrow was used 
fwDNA purification. 



in 



Tbe above samples are purified as follows: 

1. A volume of 3 fd weU-mlxed sample was pipetted onto a 3 mm lysing 
matrix disk in the insert of a 2 ml spin tube. The sample was allowed 
to absorb at room temperature for at least 1 minute or up to 2 hours. 

2. A volume of 200 ;il of DNA purifying reagent (DNA Purification 
Solution, Centra Systems, Minneapolis, MN) was added to the insm 
and allowed to incubate for 1 minute at room temperature. 

3. The spin tube was centrifuged at 2,000-16,000 x g for 10 seconds to 
collect the wash solution in the receiver tube. 

4. The incubation with the DNA purifying reagent and the centrifiigation 
was repeated twice. The lysing matrix disk containing the immobilized 
purified DNA was white or off-white m color. The immobilized DNA 
was thai ready for DNA amplificaticm. 

DNA AmmllflcatidMii 

The disk was placed direcUy into an amplification tube. A volume of 25-50 ^ 
amplification master vaix was added to the tube, and the DNA was amplified using 
standard conditions. The disk was stored in the amplification solution for at least 4 
months at room temperature. 



SaniiaBeRe.irhe 

TTie disk may be re-used for further amplification. The protocol is as follows: 
The disk is washed twice with 200 /zl of DNA Purification Solution and centrifiiged at 
2,000-16.000 X g for 5 seconds before anqilification. 



wo 99/3901 



58 



PCTAJS99/02189 



2. 



3. 



WMAT LS ClLAirMlim TO. 

1. A process for cbaiacteiizmg DNA cominisiiig tfae step of isolating nucleic acids, 
wherein the stqp of isolating conqprises the steps ofi 

(a) contacting a biological material that contains DNA with a solid support 
treated widi a lysing reagrat; 

(b) treating the biological material that contains DNA with a DNA purifying 
tei^t;and 

(c) purifying tfae DNA from the remainder of the biological material, 
wfaoein the lysing reagent is bound to the solid support . 
A process for characterizing DNA comprising die step of isolating nucleic acids, 
wherein tfae step of isolating conq)rises the steps of: 

(a) contacting a biological material that contains DNA with a solid support; 

(b) treating the biological material that contains DNA with a DNA purifying 
reagent; 

(c) applying a DNA eluting reagent to the solid support; and 

(d) purifying the DNA from the remamder of the biological material, 
whraein the DNA eluting reagent coosprises: 

(i) a buffer, 

(ii) a base; 

(iii) a chelating agent; and 

(iv) water. 

The process of chums 1 and 2, wherwn the solid support is contaimxiinavessel, 
wherem the vessel is selected from a group consisting of centrifuge tubes, spin nibes, 
syringes, cartridges, chambers, multiple-weU pfaites. test tubes, and combmations 
thereof. 

The process according to claims 1 and 2. comprismg tfae further Step ofhea^ 
solid support to greater than GO'C 

The method of claims 1 ami 2, wherein the biological material is selected from the 
group consistmg of eukaryotic cells, prokaryotic cells, microbial cells, bacterial cells. 
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8. 



10. 
11. 

12. 

13. 

14. 

15. 

16. 
17. 
18. 
19. 



plant ceUs, mycoplasma, protozoa, bacteria, fiingi, vinises, and lysates and 
homogmates tibereof. 

6. The mediod of claims 1 and 2, wherein the biological material is selected fiom the 
group consisting of body fluids, body waste products, excretions, and tissues. 

7. The method of claims 1 and 2. wherein the biological material is selected from the 
group consisting of environmental samples taken fiom air, water, sediment and soil. 
The process accordmg to claim 5. further comprising the step of counting eukaiyotic 
cells. 

The process according to claim 5. further con^rising the step of counting prokaiyotic 
cells. 

The process according to claim 5, further comprising the step of counting viruses. 
The process according to claims 1 and 2. wherein the isolating step further comprises 
the step of characterizing the remainder of the lysate. 

The process according to claims 1 and 2. wheidn the isolatmg step further conqnises 
the step of characterizing the remainder of the biological material. 
The process according to claim 1 1 , wherein the chaiacterizing step fiirther comprises 
the st^ of monitoring impurities. 

The process according to claim 12. wherem the characterizing Step further comp^ 
the step of nionitoiing inq>uiities. 

The process accordmg to claims 1 and 2, further comprising the step of quantitating 
the purified DNA. 

The process accordingto claims 1 and 2, further comprising the step of adjusting the 
concentradcm of DNA. 

The process according to claims 1 and 2. further comprising the step of evaluating the 
purified DNA. 

The process according to daim 17, wherein the step of evaluating the purified DNA 
further comprises the step of determining the yield of purified DNA. 
The process according to claim 17. wherein the step of evaluatmg the purified DNA 
further comprises the step of detomining the size of the purified DNA or fragments 
dmeof. 
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20. The process according to claim 17, wherein the step of evaluating the purified DNA 
furdier comprises the stq> of debamiaing the purity of DNA. 

21. The process according to claim 17, wherein die step of evaluating the purified DNA 
farther comprises the step of digesting the purified DNA with a restriction enzyme or 
other DNA modifying enzyme. 

22. The process accordmg to claim 17, wherein the step of evaluating the purified DNA 
further comprises the step of analyzing the sequence of tiie purified DNA. 

23. The process according to claim 17, wherem the step of evaluating the purified DNA 
further comprises the step of conductmg a hybridization analysis on the purified DNA. 

24. The pnx«ss according to chum l,fiirthercornprising the step of amplifying the 
purified DNA. 

25. The process according to daun 2, fiirther comprising the step of arnplifying the 
purified DNA. 

26. A process for amplifying DNA sequences, wherem the process conqnises the steps of: 

(a) contacting a biological material that contams DNA with a soUd support treated 
with a lysmg matrix; 

(b) treating the biological material with a DNA purifying reagent; 

(c) purifying the DNA; and 

(d) flying the purified DNA to an anq>lification system, 
wherein the lysing reagent is bound to the solid support 

17. A process for amplifying DNA sequences, whenjm die prtx»ss comprises the steps oft 

(a) contacting a biological.material diat contains DNA witii a soUd support; 

(b) treating die biological material widi a DNA purifying reagent; 

(c) applying a DNA ehitingreagait to dK solid support; 

(d) purifying die DNA; and 

(e) applying die purified DNA to an amplification system, 
wherein the DNA elating reagent comprises: 

(i) abuffen 

(ii) abase; 

(iii) a chelating agent; and 
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28. 



29. 



30. 
31. 
32. 
33. 

34. 

35. 
36. 
37. 



38. 



(iv) water. 

The piocess of claims 26 and 27. wherein the solid support is contained in a vessel, 
wherein the vesselisselectedfiomagioupconsisting of centrifuge tubes, spin tubes. 

syringes, cartridges, chancers. multiple-weU plates, test tubes, and combination 
thereof. 

The piocess of claims 26 and 27. wherein the biological material is selected ftom the 
group consisting of eukaiyotic cells, prokaryotic cells, microbial cem^ 

plant celk. mycoplasma, protozoa, bacteria, fimgi. viruses, and 1)^ 
homogenates thereof. 

nie method of claim 26 and 27. wherein the biological material is selected fiom the 
gro.q» consisting of body fluids, body waste pioducts. excretions, and tissues. 
Tbt method of claim 26 and 27, wherein the biological material is selected ftom the 
group consisting of enviromnental samples taken fiom air. water, sediment and soU. 
The process of claims 26 and 27, wherein the biological material is applied to the 
solid support without any prior treatment of the biological material. 
The process of claims 26 and 27, wherein the soUd support is selected fiom a group 
consisting of cellulose, cellulose acetate, ghujs fiber. nitroceUulose. nylon, polyester, 
polyethersulfone. polyolefin. polyvinylidene fluoride, and combinations thereof. 

nie process of claim 33. wherein the polyolefin is amixture of low density 
polyethylene and polypropylene fibers. 

The process of claim 33, wherein the polyolefin is hydiophilic. 
The process of claim 33, wherein the polyolefin has a charge. 

The pnK»ss of chum 33. whei«n the lysing reagent comprises: 

(a) adetergeat; 

(b) water, and oittionally 

(c) an RNA digestmg enzyme. 

The process of claim 33 . wherein the lysing reagent comprises: 

(a) a detergent; 

(b) water, and optionally 

(c) an RNA digesting enzyme; but 
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(d) does not coittain a bu£G». 

39. The process of claim 33, wherein the lysingreagaitcompr^ 

(a) adetogent; 

(b) water, and optionally 

(c) an RNA digesting enzyme; but 

(d) does not contain a chelating agent 

40. The process of claim 33, wherein the lysing reagent comprises: 

(a) a detergent; 

(b) a chelating agent; 

(c) water; and optionally 

(d) an RNA digesting enzyme; but 

(e) does not contain a buffer. 

41. The process of claim 33, wherein the lysing reagent comprises: 
(a) a detergent; 

0>) abuffen 

(c) water; and optionally 

(d) an RNA digesting enzyme; but 

(e) does not contain a chelatmg agoit 

The process of claim 27, wherem the DNA elating reagent hasapH of at least about 
1 0. and the combined amount of buffer, base, and chelating ^gent is no greater than 

about 20 mM, based on the total volume of the DNA ehiting reagent 
43. n» process of claim 27, wherem the DNA elutmg reagent has a pH of no less than 

abom 9. and the combined amount of buffer, base, and chehtting agent is no greater 
than 20 mM. based on the total volume of the DNA eluting reagent 

The process of claims 26 and 27. further comprising the step of heating at greater than 
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The process of claims 24 and 25. further comprising the step of ampUfying using an 
amplificati(Hi system. 
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46. The process of claim 26. 27. and 45, wherein the amplification system comprises 
buffer, primeis, deoxyribonucleotides, a tfaeimostable DNA polymerase, and a 
programmable heating Tranent 

The process of claims 26. 27. and 45. further comprising the step of quantitating the 
amplified DNA. 

The process of claims 26, 27, and 45. further comprising the step of evaluating the 
amplified DNA. 

The process of claim 48, wherein the step of evaluating the amplified DNA further 

comprises the st^ of deteraiining the size of the ampUfied DNA. 

The process of claim 48, wherein flje step of evaluating the amplified DNA further 

comprises the step of digesting the amplified DNA with a restriction enzyme. 

The process according to claim 48, wherein the step of evaluating the amplified DNA 

further comprises the step of sequencing the anq>lified DNA. 

The process according to claim 48. wherein the step of evaluatmg the amplified DNA 

further comprises the step of analyzing the sequence of the ainplified DNA. 

The process according to claim 48. wherein the step of evaluating the amplified DNA 

further conqmses the step of conducting a hybridization analysis on the amplified 
DNA 



47. 
48. 
49. 
50. 
51. 
52. 
53. 



m 



WO99/3SH)09 



1 



PCT/US99/02189 



SEQUENCE LISTING 



<110> HEATH, ELLEN M. 
SHDKAN, RUTH 

<120> PROCESSES FOR ISOLATING, AMPLIFYING AND CHARACTERIZING 
DNA 

<130> Gentra 5253 « 01 

<140> VmHSSXCNED 
<X41> 1999-02-02 

<150> PROV. NO. UNKNOHNN 
<151> 1998-02-02 

<1€0> € 

<170> Patentin Ver. 2,0 

<210> 1 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 
Oligonucleotide primer sequence 

<400> 1 

gaaactggcc tccaaacact gccc 

<210> 2 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 
oligonucleotide primer sequence 

<400> 2 

gtcttgttgg agatgcacgt gccc 

<210> 3 
<211> 24 
<212> DNA 

<213> Artificial Sequence 



wo 99/3! 



2 



PCTAJS99/02189 



<220> 

<223> Description of Artificial Sequence: Primer having 
sequence specific to the human betaglobin gene 
(sense strand) . 



<400> 3 

cctggctcac ctggacaacc tcaa 

<210> 4 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer with 
sequence specific to the husaan betaglobin gene 
(anti-sense strand) . 

<400> 4 

tagccacacc agccaccact ttct 

<210> 5 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : 
<220> 

<223> Description of Artificial Sequence: Primer 

specific to a sequence of the HLA-H gene used for 
hereditary hemochromatosis genetic screening 

<400> 5 

tggcaagggt aaacagatcc 

<210> 6 
<211> 20 
<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

specific to a region of the HLA-H gene used for 
hereditary hemochromatosis genetic screening. 



24 



24 



20 



W099/39olil^ 

<400> 6 

ctcaggcact cctctcaacc 



PCTAJS99/02189 



20 



SRNATIONAL SEARCH REPORT 



IPC 6 C12Q1/68 C12N15/10 



lonal Application No 

PCT/US 99/02189 



I Aoooftiing to Irto mattonat Patent Claaslfteatton (IPC) of to both national daaslflcatton and I PC 

B. FIELDS SEARCHED ~" " 

Minimum ctocumon^ttonsea^ (ctessiflcallon aysioni tenowod ^ 

Documantattonseaidiodotherthanmin^ Inthe fields. 

^romcdatabaaoconaunoddurlngtha intamatlonalsoarch (name of dat a t>ase and. wtiani practical, search terms uaad) 



C. DOCUMENTS COHSIDEReD TO BE pgi gyftHT 



Category ' 



Citation of document, with indication, wherec 



1* of the relevant passages 



EVA (GB); DEGGERDAL ARNE HELGE (NO)- L) 
20 June 1996 

see whole doc, esp. claims, examples 
e.g. 13, 

OEGGERDAL A ET AL: "RAPID ISOLATION OF 
PCR-READY ONA FROM BLOOD, BONE MARROW AND 
CULTURED CELLS, BASED On'pARAMAGNETi" 
dEADS 

BIOTECHNIQUES, 

vol, 22, no. 3. 1 March 1997, pages 
554-557, XP000685880 
see the whole document 

-/- 



I Q] Further documents are listed in the contlmiaUon of box C. 

* Special categories of cited documents : 

^!22ISSi^SSri!?^^ artwhichlsnot 
consideied to be of particular relevance 

^' *^^*^«'«*'««P»*»«»»«'onorafterthe mtematlonal 

SiS^n e^ltehthe publlcafion date of a^er 

citation or other special reason (as specified) 

^*2?i|?^"!l»"<'«toanoraldfscto8Uie.^^ exhbltionor 
omer means 

Oateo«lhoaau«leoinphtlono<th»Wwnatloi«»M«^ 

31 Nay 1999 



fMMMMctalmNo. 



2-23,25. 
27,44-53 



2-23,25, 
27,44-53 



Patent family members are listed In armsx. 



T" later document published after the Mematlonal flUng date 
or pnonty date and not In conflict with the application but 
cited to understand the principle or theory undsifying the 
invention ' 

•X- document of particular relevance: the ctalmsd Invention 
cannot be consMeied novel or cannot be considered to 
involve an Inventive step when the document Is taken alone 

"Y* document of particular relevance; the claimed Invention 
cannot be oonsldefed to involve an inventive step when the 
document is combined with one or more other suchdocu- 
ments. such combination being obvious to a person sidled 
m the art 

document member of the same patent family 
Date of maiHng of the international search report 



I Name and maHIng address Of the ISA 

Nt-2280HVRijswgk 
l^' ^^J''^^^ 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



07/06/1999 



Authorized officer 



MOller, F 



Fbim PCT/ISACI 0 (second cheeQ (July 1 992) 



page 1 of 2 



mi 



ATIONAL SEARCH REPORT 



Inte .onal AppUeotlon No 

PCT/US 99/02189 



C.(Cominuatlon> OOCUMENTS CONSIDERED TO BE RELEVANT 



Categoiy * CitaUon ol document, wfth indication,wherB appropriate, ol the relevant passages 



Relevant to dabn No. 



HO 95 02049 A (CAMBRIDGE MOLECULAR TECH 
; JONES CHRISTOPHER PETER (GB)) 
19 January 1995 

see whole doc, esp. p.l7ff and claims 

EP 0 389 063 A (AKZO NV) 26 September 1990 
see the whole document 



2.3,5-9 



foiro PCT71SM210 (Mndnuatian of Mcond tfiM(» guiy 1902) 



page 2 of 



2 



'^■ERNATIONAL SEARCH REPORT 

. . Intel 



Information on patent f amiiy membera 



Intel onal ApptlcaUon No 



1 Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


PubUcation 
data 



wo 9502049 



19-01-1995 



EP 0389063 



26-09-1990 



CA 
EP 
JP 



AT 
AU 
AU 
CA 
OE 
DE 
EP 
JP 



NL. 

AT 

AU 

AU 

CA 

OE 

OE 

DE 

DK 

EP 

ES 

GR 

GR 

JP 

JP 

JP 

KR 

US 



2207608 
0796327 
11501504 



163043 T 
691819 8 
7081294 A 
2166772 
69408461 
69408461 
0708827 
9507382 



A 
D 
T 
A 
T 



8900725 
156830 
641641 
5215390 
2012777 
69031237 
69031237 
389063 
389063 
0819696 
2085245 
96300019 
3025351 
2289596 
2680462 B 
10072485 A 
148693 B 
5234809 A 



20-06-1996 
24-09-1997 
09-02-1999 



15-02-1998 

28- 05-1998 
06-02-1995 

19- 01-1995 
12-03-1998 

20- 08-1998 
01-05-1996 

29- 07-1997 



16- 10 
15-08- 
30-09 
27-09- 
23-09- 

18- 09- 
02-01- 
10-10- 

30- 03- 
21-01- 
01-06- 

31- 03- 
27-02- 
29-11- 

19- 11- 

17- 03- 
01-08- 
10-08- 



-1990 
-1997 
-1993 
-1990 
-1990 
-1997 
■1998 
■1996 
•1998 
■1998 
-1996 
1996 
1998 
1990 
1997 
1998 
1998 
1993 



Foim PCT/ISAaiO (pMM imly anrmo gi4y 1992) 



